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Fabrication of Tungsten Carbide Nanoparticle-encased Graphite-like M esopor -
ous Carbon as a Precious M etal-free Electrocatalyst for Oxygen Reduction
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Abstract: Tungsten carbide nanoparticle-encased graphite-like mesoporous carbon (WC/MG), as a precious metal-
free cathode catalyst for oxygen reduction reaction, was successfully synthesized by a template replicating-assisted
chemical vapor deposition (CVD) method. The obtained mesostructured WC/MG composite possesses high oxygen
reduction reaction catalytic activity and stable electrochemical property. In O,-staturated 0.1 mol/L KOH solution, the
half-wave potential (E;,) and limiting current density of the sample WC/MG-900 annealed at 900°C  were only 50 mV
and 0.2 mA/cm? lower than those of commercial Pt/C catalyst, respectively. Koutecky-Levich (K-L) plots and rotating
ring-disk electrode (RDE) measurements indicated that the mesostructured WC/MG exhibited an approximate 4 €
transfer pathway during the ORR process. The comparable ORR performance to Pt/C, long-lived electrochemical sta-
bility and excellent methanol tolerance make the synthesized mesostructured WC/MG composite a potential electrode
catalyst in oxygen reduction reaction.
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Scheme 1 Fabrication schematic of tungsten carbide nanopar-

ticle-encased graphite-like mesoporous carbon composite
(WC/IMG)
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Fig. 1 (a) Wide-angle XRD patterns of the prepared samples
with inset showing the XRD pattern (26 =20°-30°) of WC/MG-
900, and (b) the corresponding small-angle XRD patterns

IATETIE, X BT SBA-15 ) —4E /S 75 (p6m) 45 4 )
F AT, XK PGE SRR — e NLIE
gEffa e H2&, WC/IMG-1000 &7 H B & 1
ANFART T, RGP Z BI0A . B X &Y
RS E], B WC/IMG-900 AL S
1) 25 & ik 31 98wt%.

i FE-SEM & 7 (Bl 2) ] LUE H WCIMG-T £ &
Y R ARTE SR T HOIR, A0 STRRFR IE 1) A FLARK 1 T
SRR, BRT, Bl Pab BEE T T, BRI R
T A 1A R, EH P 2(b) i fif SEM R F 1T L 2|
LT R, AR T A SR, AR WCY
MG-1000 & [ f i HUR B B AR T, RIHHAAF
[ FLIE S5 M R (B 2(c)), X 2is i /Ma XRD
Pl it ot 20 BH S AR IR U 1 S PR o MUBE i WC/M G-900
(1) EDX Ktk (Kl 2(d))EH, Br T W Fl C 15 i,
BAHBNE S HE S0, BN FLEEBR SBA-15
WL BT, R FOIRY R B R A SR 2
B S4k, MRS WCIMG-900 7t % 4 i K (B
2(e), (e-1)Fil(e-2))n] LLE i, W Fl C s & 40 A7 b i 4
5], WAH B R ERE.



216 AL M OB R

#3345

K 3(a)%5 H WC/MG-800 ] TEM &}, ]
DLE H, RUETERLE XSRS T WC ghKoks
T B, (HRRREEARAG 7 1 FL1E 25 5 45 SR 37 i v]
Do SRITTARE i WCIMG-1000 H BT R A 8297 1
B, BB AT Fr 45 1 B2 PR AR (B 3(c)) . A
3(b)F LT LA H, ¥ WC/MG-900 H WC 9K ki
Forahii 5], H HiE HRTEM B F (18 3(b-2))

CPS

w

Cuiw W‘XVCuW‘

0123456728910
Energy / keV

EH, WC4KpL+ 1 dE4 0.27 nm, 5 WC(001)
T 1) d 18 AW & (JCPDS 25-1047). 1% WC 44K ki 1
I R~F~6 nm(&l 3(b-2)), /N T FLEERLAR i FLA%
7.5 nm, X2 RN AR BRI RE g R e ST
CVD it F HR TR B E 47 T DLIE 78 3 Ak (1) =5 (8], 44
WC YKL FE TR R IR P9 3B, AT T s 0, 2
WC 4K ¥ st LS &% . 54, WE

W Mal

5 pm 5 pm

K2 BEMEI SEM IR A WC/MG-800 (a), WC/MG-900 (b, €), WC/MG-1000 (c);
FE dl WC/MG-900 [f) EDX i (d) LA K H B2 1) 76 2K 43 #i B (e- 1) Bl (e-2)
Fig.2 SEM images of sample WC/MG-800 (a), WC/MG-900 (b) and (e), and WC/M G-1000 (c);
EDX pattern of WC/MG-900 (d) and its corresponding element mappings (e-1) and (e-2)
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Fig. 3 TEM images of sample WC/MG-800 (a), WC/MG-900 (b), and WC/MG-1000 (c); HRTEM
images (b-1, b-2) of the squared areain Fig.3(b) with the inset showing the squared areain (b-1)
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Fig. 4 Raman spectra of the prepared samples
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Fig. 5 (& N, sorption isotherms of the prepared samples and

(b) the corresponding BJH pore size distribution curves
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Fig. 6 (@) Current-voltage curves of different samplesin 0.1 mol/L KOH solutions; (b) Current density vs. cycling times histograms;
(c) LSV curves of samples at a rotating rate of 1600 r/min; (d) LSV curves of sample WC/MG-900 at varied rotating rates and the
corresponding K-L plotsin the inset; () Ring-disc current density curves; (f) Electron transfer number curve
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Tablel Porestructural parametersand electron-
transfer number of prepared composites

Seer' ¥ D™ Vel 3y nlel

Sample (m>g?yH nm  (em’g? (mA-cm™
SBA-15 738 7.5 1.36 - -
WC 98 9.2 0.13 3.6 3.2
WC/MG-800 113 5.8 0.23 3.8 34
WC/MG-900 118 6.4 0.25 45 3.7
WC/MG-1000 124 8.4 0.34 4.6 35
20wt%Pt/C 185 - - 4.7 39

1@ BET surface area; [ BJH desorption average pore diameter; [ BJH
desorption cumulative pore volume; [ Limited current density; @
Electron-transfer number of sample during the oxygen reduction
reaction
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Fig. 7 Chronoamperometric responses of samples at 0.75 V
(vs. RHE) in Oy-saturated (a) 0.1 mol/L KOH solution, and (b)
0.1 mol/L KOH with 3 mol/L CH3;OH solution added at ca.5 min
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