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Abstract: The low - cost nickel nanoparticles/towel gourd derived nitrogen - doped porous carbon nanocomposites
(Ni/T-dNPCN) were prepared with Ni(Ac),-4H,0 and towel gourd by impregnation and then pyrolysis. The electro-
catalytic performance of the nanocomposites for methanol oxidation reaction (MOR) was studied, and the effect of
pyrolysis temperature on its structure and properties was also discussed. The results demonstrated that the Ni/T -
dNPCN modified glassy carbon electrode (Ni/T-dNPCN/GCE) exhibited well electrocatalytic activity for MOR in
alkaline electrolytes. Among them, Ni/T-dNPCNg,/GCE possessed the best catalytic performance with the lowest
onset potential (0.344 V (vs Ag/AgCl)), the highest catalytic current density (mass activity: 1 902 mA -mgy'; specif-
ic activity: 1.61 mA-cm™) and the fastest kinetics process (Tafel slope: 50.23 mV-dec™), its catalytic activity was
about 3.92 times that of the commercial Pt/C catalyst modified glassy carbon electrode. And according to the chrono-

amperometry test, Ni/T-dNPCN,,/GCE displayed good stability.

Keywords: direct methanol fuel cell; methanol oxidation reaction; biomass-derived carbon; nickel-based nanocomposites;

alkaline electrolyte
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Ni/T-dNPCN,, FI Ni/T-dANPCN .0
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&) 1 — 25 WLZE Ni/T-dNPCNy, 19 2 T T2 S5 F 4 i,
1 2A iR, R A 5 1fLE5 . 21145 7]
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358 B0 ) RS 1 e 7%, DT B85 I 0 Bl g 2 M

K1 (A.E) Ni/T-dNPCNy (B .F) Ni/T-ANPCN,y,(C .G) Ni/T-ANPCN,, FI(D . H) Ni/T-dNPCNyy, 4 SEM €]
Fig.1 SEM images of (A, E) Ni/T-ANPCN,, (B, F) Ni/T-dANPCN,,, (C, G) Ni/T-dNPCNy,,, and (D, H) Ni/T-ANPCN,,
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&

28 56 84 112

Diameter / nm

2 Ni/T-ANPCNg, i (A) TEM [EFII(B) HRTEM [l K (C) X 17 ) Ni 44 K0k (4447 4347 1]
Fig.2 (A) TEM image and (B) HRTEM image of Ni/T-dNPCNy,, and (C) the corresponding size distribution of Ni nanoparticles
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%13 Ni/T-dNPCNgy, F(A) HAADF-STEM [& FI(B~F) EDS JC 2 W45 4]
Fig.3 (A) HAADF-STEM image and (B-F) EDS element mappings of Ni/T-dNPCNy,,
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K4 Ni/T-ANPCN,,, (a) Ni/T-dNPCN,, (b) \Ni/T-ANPCNy,, ()1 Ni/T-dNPCN,y, (d)F N, W2 -8 B2 762k (A FifLAs 23 A I (B)

Fig.4
Ni/T-dNPCNy,, (c), and Ni/T-dNPCN,,, (d)
PHm AR FLBIE L™ B LT AL, Ni/T-dNPCN,
BATHORA L R 1w ARRE H AR FLBR S5 M . eAh, R
FIICP-OES 43 H7 T Ni/T-dNPCN H Ni i 5 ft , 25 5043
M 12.19%(600 °C) . 19.20%(700 °C).21.41%(800 C)
F121.50%(900 C)o Z5 L ik, Ni/T-dNPCNy, [A] i
A A e P AR TH UM NG 1 26 DL R A FL R 454
A T A T R 7 5 1) B B O SR I BE 2 4 TR N
Al AL, PRI B R PERE A B 9 MOR i 65
%1 NUT-ANPCN /I BET tb RERFFH7LE
Table 1 BET specific surface areas and average
pore widths of Ni/T-dNPCN

Specific surface Average pore

Sample area / (m?-g™!) width / nm
Ni/T-dNPCN,,, 162 7
Ni/T-dNPCN,, 202 4
Ni/T-dNPCNy,, 174 5
Ni/T-dNPCN 121 9

FHXRD 2341 1 ARl fb il B2 75 2 1 &2 5 A kHE
45k, EI5A B9 XRD K 7R & HE A 7E 44.46° . 51.84°
F176.38°Kb 357 0 BUATT SFFUEE , 43 ST E TR o Ty Ak 2
BB (111),(200)F1(220) 5 1 (PDF No.04-0850)", 1% 4%

(A) N, adsorption-desorption isotherms and (B) pore-size distributions of Ni/T-dNPCN, (a), Ni/T-dNPCN,,, (b),

R FRTEM /3 Hr 4 R —. Hrph26.14°4 T4
I T2 S50 19 (002) I (PDF No.41-1487)24,

FH XPS X Ni/T-dNPCN f14 3 T fb 24 e o 647 T
ﬁ'}’*ﬁ(@ 5B~5F & S1, Supporting information), MIE
FRRT LY BT U2 3 € AT O AR AR I, N T N (R 4RAIE
W {5 S AT A2 55, JIESE €O N Ni I FF7E o Ni/T-
dNPCNyy, 1 C N O Ni JCE 1Y S 5 70 & i 5300 ok
92.28% .0.63% .6.38% 11 0.72% (3 2) , XF bt HABAE i
R IL R & &, 7 LIA H Ni/T-dNPCNy, H C 75 1
B E L, O LA M N B i ik, i XRD &5 v %, A ]
PRI EE S A5 304 Ni/T-dNPCN HA AL AH 2544
SR C/O LA S C/N J L o B P 8 25 5%, Ni/T -
dNPCN,, [ C/O (C/N JEF- L4351 K 14.46 ,146.48 , B
5 T AR (3R 2), B LIS /D4 O AN A7 7E
A HEXT MOR A EEAEH™. HLAk, Ni & AR (LT
ICP-OES (1045 5 , 33 ] 68 U5 PR 8 40 K J A
HETERRZ T, XPS ok Al 2], & 5C~5F J& Ni/
T-dNPCN,,, "' C1s.01s N1s FI Ni2p XPS &, & 5C
FF7R , Cls XPS % B R BLH 3 4~/ & 43 51 & F
C=C sp*(284.85 eV).C—C sp’/C=N sp*(285.85 eV)Fll
C=0/C—N(289.65 eV)*', O1s XPS i E 4Ll & i 34
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W, 43 51 % B 0—C=0/C=0(531.50 V) Fl C—O0  (Ni2p, )it /R T Ni* [ 24> A B 43 226, L K
(532.64 eV) DL Je Wy 3L B B 7K 53 F-(533.94 eV) (Bl 861.90 F11880.38 eV Kb 2 MR 8l LA™, Jb4h,2
5D)7% . N1s XPS 1% [ @ ok 55, R E S MEE ANIE I T 853.35 F1 870.76 eV b 145 4 g AT 15
FIZMETCE & HBAMK(E SE), 7£400.1 f1401.2 eV J& T Ni*2, & TR, Ni/T-dANPCN, 19 42 @ A
Qb Ry RT3 50 U S8 T I NORIA B NP s SE S &R DU NOTE AR B R, 5 XRD 4518 — 2, 1M
FIf 7, Ni2p it [l 75 856.14 eV(Ni2p,,) Fil 874.11 eV H Cls Fl O1s B XPS 1% K 60 &2 & 6B R A K i

™) ®) T
(111) Cls Nls Ols Ni2p
Cl | " AE 22 £ ot ~an
co0) (200) 020 s 9228 063 638 0.2
A L@
A l | © A
J , Nls Ni2p
. | ORI 0ls
A @
PDF No.04-0850 [ | I
10 20 30 40 50 60 70 80 0 200 400 600 800 1000 1200
20/ (°) Binding energy / eV

© Cls (D) Ols

C=C sp? C—0

C—N sp?/C—C sp? ) )
0—C=0/C=0

282 284 286 288 290 292 294 526 528 530 532 534 536 538 540
Binding energy / eV Binding energy / eV

(E) Nls (F) Ni2p

392 394 396 398 400 402 404 406 408 410 848 856 864 872 880 888
Binding energy / eV Binding energy / eV

K5 (A) Ni/T-ANPCN,, (a) Ni/T-ANPCN,, (b) \Ni/T-ANPCNy, (c)FI Ni/T-dNPCNy,, (d)# XRD &,
(B~F) Ni/T-ANPCN,, [ XPS i3 %]
Fig.5 (A) XRD patterns of Ni/T-dNPCNy,, (a), Ni/T-dNPCN,,, (b), Ni/T-dNPCNy, (c), and Ni/T-dNPCN,, (d);
(B-F) XPS spectra of Ni/T-dNPCN,

2 NiI/T-ANPCNHIREITTEHM K C/O.C/NEFLE
Table 2 Surface elemental composition and C/O, C/N atomic ratios of Ni/T-dNPCN

Atomic fraction / % Atomic ratio
Sample
C (0} N Ni ne/ng nelny
Ni/T-dNPCN, 87.47 10.10 1.34 1.08 8.66 65.28
Ni/T-dNPCN,,, 86.06 12.38 0.99 0.57 6.95 86.93
Ni/T-dNPCNyg, 92.28 6.38 0.63 0.72 14.46 146.48

Ni/T-dNPCN,, 91.20 7.53 0.70 0.57 12.11 130.29
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) 0% F& A TH S AR ) Y €0, T8l S2A~S2D S
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M2k . & S2A"~S2D" J2&: HL v 4 -0.05 V(vs Ag/AgCl)
B, A LA ((1,-1)2) 5 HE O R i 2, HARL R
J ALY Cyo L AT 5 3] Ni/T-dNPCN,,/GCE
Ni/T - dNPCN,,/GCE . Ni/T - dNPCN,,,/GCE 1 Ni/T -
dNPCN,,/GCE 1 C,, 53 2 2.350x107, 3.269%107,
4.041x107H13.360x10™ mF .

ECSA=C,/(C.m) 1)
Horb, C oA FE SR L HL2E , 7E KOH ¥ i Y €.=0.04
mF - em™;m N TAEH AR AL A9 71 3808 (mg) ',

R4 = 1, TR S TR ik Ak T B2 T A5 21 4 4L
F 1 ECSA 43 51}y 146.88 .204.31,252.56 1 210.00
em’mg”, WAL 6 Ir7n o HoH Ni/T-dNPCN,,/GCE 1Y
ECSA fit &, 26 W] Ni/T-dNPCN,,/GCE 1] & it B £ fiy
TEPEDT L, AT F T 52 = AR i i AP R

300

252.56
250 |

200

ECSA / (¢cm?-mg™)
@
S

—_
(=3
(=]

W
(=}
T

0

a b c d

6 (a) Ni/T-dNPCN,,/GCE .(b) Ni/T-ANPCN,,,/GCE .
() Ni/T-dNPCN,,/GCE Fl(d) Ni/T-ANPCN,,,/GCE 7£
1.0 mol - L' KOH 1) ECSA
Fig.6 ECSA of (a) Ni/T-ANPCN,,/GCE, (b) Ni/T-dANPCN,,/
GCE, (c) Ni/T-ANPCN,,,/GCE, and (d) Ni/T-ANPCN,,/
GCE in 1.0 mol- L' KOH

T A [ A8 FL A 8 Nyquist -h 28, an & 7 fip
7R o HE Nyquist (11 28 3005 1 45 50 FL I A3 (181 7 v i
Fl) , HL BRI R B ST s TR B LR ) E 2
FABLICH (CPE)FI L A7 R o HE Aip 5% A4 HLBH(R,) o FH
T AR 2 T AT RE A7 S B (A HH 245 A H ey 2 ),
TE WA A4 5 R A 5 T =2 E) ] CPE AR
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Inset: the equivalent circuit diagram
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Fig.7  EIS spectra of (a) Ni/T-dNPCN,/GCE, (b) Ni/T-
dNPCN,,/GCE, (c) Ni/T-dNPCN,/GCE, and
(d) Ni/T-dNPCN,,/GCE in 1.0 mol-L™' KOH
solution containing 1.0 mol-L™" CH,0H
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Fig.8 (A, B) CV curves of Ni/T-dANPCN,/GCE (a), Ni/T-dNPCN,o,/GCE (b), Ni/T-dANPCNy,i/GCE (c), and Ni/T-dANPCN,,/GCE (d)

in 1.0 mol- L' KOH solution containing 1.0 mol-L™" CH,OH at a scan rate of 50 mV -5, the inset is corresponding

enlarged curves; (C) MA and SA of the above modified electrodes

&3 Ni/T-dNPCN 5 C#k#RiE H) MOR AL FI L 1 BE EL 3L
Table 3 Comparison of catalytic performance of Ni/T-dNPCN with MOR catalysts reported in the literature

Catalyt SA/ MA / TR Scan rate / Rel
(mA-em™) (mA-mg™) (mol - 1.71) (mV-s™")

Cu-Ni/CuO-NiO/GNs 152 3563 0.5 50 [42]
Ni0/S.N-doped Carbon nanotube — 2200 1 50 [43]
Nig;Bi, aerogel 199 1830 1 50 [44]
NiO/Ni-N/Cs,, 18.47 1043 3 50 [45]
CNFs-Ni — 400 0.5 50 [46]
Ni/T-dNPCN,/GCE 1.151 1387 1 50 This work
Ni/T-dNPCN,,,/GCE 1275 1357 1 50 This work
Ni/T-dNPCNy, /GCE 1.426 1392 1 50 This work
Ni/T-dNPCNg, /GCE 1.612 1902 1 50 This work
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All tests were performed in 1.0 mol-L™" CH,0H in 1.0 mol- L' KOH
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Fig.9 Tafel curves (A) and /-t curves at 0.60 V (vs Ag/AgCl) (B) of Ni/T-dANPCN,/GCE (a), Ni/T-ANPCN,,/GCE (b),
Ni/T-ANPCNy,/GCE (c), and Ni/T-dNPCN,,/GCE (d); CV curves of Pt/C/GCE at 50 mV +s™ (C); I-t curves of
Ni/T-dNPCNy,,/GCE at 0.60 V (vs Ag/AgCl) and Pt/C/GCE at —0.20 V (vs Ag/AgCl) (D)
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Supporting information is available at http://www.wjhxxb.cn
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