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Synthesis and Pseudocapacitive Behavior of Nickel
M olybdate/M utiwalled Carbon Nanotubes Composite

LIU Tian-Tian, WANG Qing-Hua, LIU Xi-Li, GAO Feng, WANG Qing-Xiang

(College of Chemistry and Environment, Minnan Normal University, Zhangzhou 363000, China)

Abstract: A novel nickel molybdate/mutiwalled carbon nanotubes (NiMoO,/MWCNTs) composite was synthesized
by hydrothermal method using nickel nitrate, sodium molybdate and MWCNTs as raw materials, and the product was
characterized by scanning electronic microscopy, energy dispersive spectra, and X-ray diffraction spectra. The scan-
ning electron microscopy results showed that pseudo-spherical NiMoO, was wrapped with MWCNTs and all elements
were uniformly distributed in the material. Cyclic voltammetry and electrochemical impedance spectra revealed that
the presence of MWCNTs greatly improved the redox signal and electron transfer kinetics of NiMoQ,. The capacitance
tests further indicated that the composite presented better specific capacitance, rate capability, and cycling stability
than the single-component of NiMoO,, and with a MWCNTs content of 40 mg the composite (NiMoO,/MWCNTs-40)
displayed the best electrochemical performance. At the current density of 2 A/g, the NiIMoO4/MWCNTs-40 composite
demonstrated a remarkable specific capacitance of 1071 F/g; while current density was increased to 10 A/g and the
capacitance still remained 66.10%. Cyclic stability experiment revealed that the NiMoO,/MWCNTs-40 composite re-
tained 95.85% of its initial specific capacitance after 2500 charge-discharge cycles at a current density of 10 A/g, ex-

hibiting prominent electrochemical stability.
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Fig. 1 SEM images of (a, b) NiMoO4 and (c, d) Ni-
MoO,/MWCNTs-40 at different resolution
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Fig. 3 EIS spectra of NiMoO, and NiMoO,/MWCNTs-40
with the inset showing (a) amplified portion of the high fre-
quency region and (b) simulated model for nyquist plots
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Fig. 4 (a) CV curves (40 mV/s) and (b) GCD curves (2 A/g)
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contents of MWCNTs with inset showing the relationship be-
tween capacitance and MWCNTs contents
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NiMoO,/MWCNTs-40 at the current density of 10 A/g

A Ak B T 1) 8 ok P S T B, R R 2 AR A,
M DASR AL 2 0% 1) S T R T DAJSOR RN A R v FELUR B
MR T 3 2%, SR AE TP, o
5(c) N NiMoO, A1 NiMoO4/MWCNTs-40 & & 1 K
FEARNFE I E N AST B B 5(c)nl LA
TR A H, NiMoO,/MWCNTs-40 & &4 k1
AL T NiMoOy, NiMoO4 7E 2+ 4. 6+ 8. 10 A/g 1]
R T, LARSHZE 7300 580, 540, 416
307 F/g; 1M NiMoO4s/MWCNTs-40 & & FHEHEAH
ML FE NI LR 73 il a2 1071, 906, 816, 753
A1 708 F/go NiMoO4/MWCNTs-40 & &1 RHEASH
R I L AR & T NiMoOs, & & 44
BRI AR, @i E T LR, B
SERE 2 Alg BINE] 10 A/g B, NiMoO4/MWCNTs-
40 T H HL AR FE RN 66.10%, 132 H T NiMoOy [
Eb H R 37 3. (42.12%), P MWCNTSs [N $2 5
TR A R A R R

& 5(d)#& NiMoO, Al NiMoO4/MWCNTs-40 HL
TEHRE E N 10 A/g BFHEAT 2500 YR I 78 J3CHL
TEAFRE 2 . S04 R B, NiMoOy/MWCNTSs-

40 HIMRAE 2500 RPGIFJE LB 708 Fl/g B2
679 Flg, 1R EIE 95.85%. 1M AR IB ABRAKE 1)
M2 2500 RPGFF G Eb 25 & M 307 Flg HRE
107 Flg, tREFRAE 34.81%. HILTHI, $HA0E
JEMEHE R Fe e YE AR 2 T B B, X EE A
I NiMoOy/MWCNTs-40 JiUR5 4544 (1) MWCNTs
fLETE NiMoOy #hFl, TE RS & 18T H 51 gh
KEERE; (2) B v L T AR R 5 S Hl A HL A
Ji B B4 FORH FE AR AR I F AR s B A T R K
P AN, R LA B A P B AN PR A e 1
BHRENRE.

3 #ip

AR SC3E ik A7 B ) 7K R e T ) 6 A 4 1
ILERTE NiMoOy/MWCNTs & &M KL, FHok HAE A
S LR AR () FAR A LA T M BE IR . 522 T MWCNTS
IS AT RS R TS DL S Ak 2= P RE s
MUK TR SR R, 7E 2 Alg BRI T,
NiMoOy/MWCNTs-40 & A+ R L 24 1071 Fg,



740

WL MR

i #3335

1637 v T4l NiMoOy 119 730 Flg. 1E¥ e e iR
HH, £ 2500 XG5, NiMoOy/MWCNTs-40 HL%
I REFRN 95.85%, 1 NiMoO, HLHL I e T
BAK, HARFERMN 3481%. % LATA, B2
MWCNTs Ja e E it m MBS . MRl
FAEF TR E N

SEHk:

(1]

(2]

LIU Y, PENG X S. Recent advances of supercapacitors based on
two-dimensional materials. Appl. Mater. Today, 2017, 8: 104-115.
WATCHARATHARAPONG T, SUNDARAM M M, CHAKR-
ABORTY S, et al. Effect of transition metal cations on stability
enhancement for molybdate-based hybrid supercapacitor. ACS
Appl. Mater. Inter., 2017, 9(21): 17977-17991.

GAO S A, ZHAO J C, ZHAOQY Y, et al. Na,CoSiO, as a novel posi-
tive electrode material for sodium-ion capacitors. Mater. Lett.,
2015, 158: 300-303.

WANG H W, ZHANG Y, ANG H X, et al. A high-energy lithium-
ion capacitor by integration of a 3D interconnected titanium car-
bide nanoparticle chain anode with a pyridine-derived porous ni-
trogen-doped carbon cathode. Adv. Funct. Mater., 2016, 26(18):
3082-3093.

GONZALEZ A, GOIKOLEA E, BARRENA J A, et al. Review on
supercapacitors: technologies and materials. Renew. Sust. Energ.
Rev., 2016, 58: 1189-1206.

CAI D P, WANG D D, LIU B, et al. Comparison of the electro-
chemical performance of NiMoOs nanorods and hierarchical
nanospheres for supercapacitor applications. ACS Appl. Mater. In-
ter.,, 2013, 5(24): 12905-12910.

YUAN W, HAN G Y, XIAO Y M, et al. Flexible electrochemical
capacitors based on polypyrrole/carbon fibers via chemical polym-
erization of pyrrole vapor. Appl. Surf. Sci., 2016, 337: 274-282.
ZHANG J, TERRONES M, RAC PARK C, et al. Carbon science
in 2016: status, challenges and perspectives. Carbon, 2016, 98:
708-732.

ZHENG X, GONG C L, LIU H, et al. Preparation of phospho-
molybdic acid coated carbon nanotubes and its supercapacitive
properties. J. Inorg. Mater., 2017, 32(2): 127-134.

[10]

[12]

[13]

[15]

[16]

[17]

[18]

[19]

[20]

LIU T, CHAI H, JIA D, et al. Rapid mircowave-assisted synthesis
of mesoporous NiMoO, nanorod/reduced graphene oxide compos-
ites for high-performance supercapacitors. Electrochim. Acta, 2015,
180: 998-1006.

MEFFORD J T, HARDIN W G, DAI S, et al. Stevenson anion
charge storage through oxygen intercalation in LaMnOs perovskite
pseudocapacitor electrodes. Nat. Mater., 2014, 13(7): 726-732.
LOTA G, FIC K, FRACKOWIAK E. Carbon nanotubes and thek
composites in electrochemical applications. Energ. Environ. Sci.,
2011, 4(5): 1592-1605.

ZHOU H, ZHANG L S, ZHANG DY, et al. A universal synthetic
route to carbon nanotube/transition metal oxide nano-composites
for lithium ion batteries and electrochemical capacitors. Sci. Rep-
UK., 2016, 6: 37752—1-11.

FARES M M, ABU AL-RUB F A, MASSADEH K H. Lightweight
MWCNTs-g-PAN carbon fiber precursors. Sensitive high absorp-
tivity and novel wide-bandgap conjugated polymers. Ind. Eng.
Chem. Res,, 2015, 54(37): 9064-9071.

OKPALUGO T I T, PAPAKONSTANTINOU P, MURPHY H, et al.
High resolution XPS characterization of chemical functionalised
MWCNTs and SWCNTs. Carbon, 2005, 43(1): 153-161.

ZHOU Y J, MAO Z M, WANG W, et al. In-situ fabrication of gra-
phene oxide hybrid Ni-based metal-organic framework (Ni-
MOFs@GO) with ultrahigh capacitance as electrochemical pseu-
docapacitor materials. ACS Appl. Mater. Inter., 2016, 8(42):
28904-28916.

BENOIT C, DEMETER D, BELANGER D, et al. A redox—active
binder for electrochemical capacitor electrode. Angew. Chem. Int.
Ed., 2016, 128(17): 1-5.

WU C, CAI J J, ZHANG Q B, et al. Hierarchical mesoporous
zinc-nickel-cobalt ternary oxide nanowire arrays on nickel foam as
high-performance electrodes for supercapacitors. ACS Appl. Mater.
Inter,, 2015, 7(48): 26512-26521.

ZHU P, CAI T, HAN G Y, et al. Preparation and electrochemical
performance of PPy/GO-RuO; film electrode for micro-supercapacitor.
J. Inorg. Mater., 2015, 30(5): 505-510.

ZHOU Y J, MAO Z M, WANG W, et al. In-situ fabrication of gra-
phene oxide hybrid Ni-based metal-organic framework (Ni-
MOFs@GO) with ultrahigh capacitance as electrochemical pseu-
docapacior materials. ACS Appl. Mater. Inter., 2016, 8(42): 28904—
28916.



