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Preparation of NiO @ Co,0, composite and its application in electrocatalytic

oxidation of hydrazine
LUO Ming-hong ™ , WANG Si-jie
(College of Chemistry and Food Science, Nanchang Normal University, Nanchang 330023, China)

Abstract :Ni( OH) , nanowires are synthesized through hydrothermal method , and then mixed with cobalt nitrate and
2-methylimidazole to synthesize Ni( OH),@ ZIF-67 precursor through solution method.The precursor is calcined at high
temperature in oxygen atmosphere to obtain NiO @ Co,0, catalyst. The morphology, structure and composition of the
catalyst are characterized by scanning electron microscopy (SEM) ,transmission electron microscopy (TEM) and energy
dispersive X-ray spectroscopy (EDX).The electrocatalytic performance of the catalyst for hydrazine oxidation is studied
by cyclic voltammetry, AC impedance and chronoamperometry.It is shown that NiO@ Co,0, is successfully prepared,in
which NiO nanowires are embedded in Co,0, framework. NiO@ Co,0, is verified to have good catalytic activity and

catalytic stability for hydrazine oxidation,and its performance reaches the best when the calcination temperature is 300°C .

Key words: ZIF-67; nanowires; NiO@ Co,0,; hydrazine; electrocatalytic oxidation

BRRFFELIAE S 25 TN T T A A R L
RzZz— BRI R RRER R EEPR b
(direct hydrazine fuel cell, DHFC ) [K H A ¥AKL ) 12 Fi
A7 BRAE H S H (1,56 V) TS RE B %
(5.42 Wh/g) 8 9 (N, F1 H,0) o5 4455
DA B2 30 )32 S B B i S8 0 4 Ak 751
JESCHL DHFC BMLALIOCEE . DHFC §5 14 &5 19 BH AR
A — R Bt 428, 2258 Pr Pd Au Al Ag™
el FL b 1) RS 38 0, SR R A AR 7, VR 2 E
RARFMASALFR A AE 5T 4 )8 (Ni |, Co, Cu) Flidh I
G JEE ALY (CuO , MnO) 15 DHFC Y FH B i 1k
RO o U A R A R AN AR AR | T A
e M A2 B R OGTE

4@ - HUHESE (MOF ) fi7 4= i s Ak 50 il T L
A FLERSEE R R AU 6 O R A

B AATHRFE R GE T Zhe 261500 Z1F-8 2k KAE
WRANKAE b 2B 5 % BT 3R AS A0 Bk S A R B A
FE A ORR AL 75 M. Qian %51 38 i 4 Zn -
MOF(MC-BIF-1S) #il & ) T ZH4LIl - E 3B 22k 4
BL(BNPC) , A4 T OER AL TG ; Wang 2511
TER S AR Ni-MOF, A /T B A 28 1 il 1k 18
FHE IR AL 2 BRI , A 208 = T HER fifk
e, & )R- HIREZE(MOF) fii A= 104 J@ Ak Wy 1
TR HL B R A AR SRR N R 2 T
HRRE B b FR AR AR O AT SR D, Co, 0, BN
X EAT B B AR AR P R A SR %) 4% B A
R AR e 9t BB R L3R A 5T A DL
il ., Wang 2506 MWCNTs #x A ZIF-67 | 5
it B f# MWCNTs/ZIF - 67 15 3] MWCNTs/Co,0, &
BRI MWCNTs B9 in A 427 T 5 A 9 i

Y B #3.2022-05-02 ; 1& 5 H #1:2022-08-29

E£WH . HRARFAES (21763019) 7LVEE ZE TR H (G11202614) ;B B 24 Be A BHF L H (19XSKY47)
YEE B It (1985-) , 55, Wit , B cd2 , 3230 R RRE v b BE AR AR AL 590 AO B 5T 3 THIBE 22N, minghongluo@ foxmail.com ,



2022 F 11 B

fE, R A IR MWCNTs HAA ) s A& PERE

EHEEA B ZIF-67 W R in A TS & i
Ni(OH), 49Kk, 15%] Ni(OH),@ ZIF-67 E &),
B E NiO@ Co, 0, K A KRG T
Co,0, FIHL FAEHIBE JT 1 NiO 99 KLARLE &, 153
PEREDL B A9 DHFC BHAR AL

1 SLI§

L1 RXFIE5NE

BRERER KA JOK L 7K G R s , 4R
el B 25 B A BRA R A s oS ket =
FEPAREE 2 FEBR IR Nafion IR, F BT HL T 4E
AR RS W) Az 7= 5 S5 B v W 25 8 1K
[

U RAEAL AR A B F Y CHI660E 7 Hi k2
TAESS, AR = AR R 3R (GC) B T
VEd M, A2z h st et , Agl AgCl( AR KC1 ¥ 3) M
Z AR, SERHT GC iR 4T 51 1.0.0.3 pm F
0.05 wm [ a—ALO, ¥l 6, S8 J5 48 75 ¥ Uk Tt
S4800 Hd7 & B 14 HL ¥ L AUBE (SEM) , H AR H 57
INFEVAE S s Teenai G2 F20/F30 37 % 5 1% 5 i 7 1
fl’BE (TEM) , 2 [® FEI 23 A A7,

1.2 #UeFHHE
1.2.1 Ni(OH), %K 854 %

TERERESE R B 50 mLL 2 mol/L NaOH ¥ W%
N E 50 mL 2 mol/L NiSO, Ik b, 152 k&t (0
ZURMAAR , B AT B BAAR 78 2 o 22 v, 120°C i/
FF24 h, ARBIFNER, 20508, HZERKE R
6 K ,60°C .25 T, 15 21 3 4 2 & &< B Ni (OH),
1.2.2 Ni(OH),@ ZIF-67 #4&

5 mg TSk = H LR AL B AT 30. 24 mg
Ni(OH), 44 K £ A 10 mL /K 0, 8 7 5 B
30 min, ZR SR IR PR B E A 70 mL 2 - F DR e
(4.54 ) T, FINA 0.292 g H7S/K A RSBRES
FIRPEFE Y 30 min, BOIFVER 3 UK, 60°C HAS
T4 435 Ni(OH) ,@ ZIF-67 E45Y),

1.2.3 NiO@ Co,0, #54 &

NiO@ Co,0, &g Ni(OH),@ ZIF-67 #£ 55K,
SR A IR BE R A 120 min 5 3] (TF R R
5°C/min) , fE A %t , Co 0, 5 NiO W i@ i $4 fi#
ZIF-67 F1 Ni(OH), 5%,

1.3 TiEmmmHE&E
Kol 2 mL %A 4 mg NiO@ Co,0, B IC/K 2%

SUPHF NiO@ Co,0, SEWVRIERENMEVEBELBILHAR - 137 -

VSR, R T A UL 75 40 B 40 min JE B
YIS0y ok . MW 7 5 KB I 10 pL Ni0@
Co, O, VA VR 76 T 51 ALk B ¥4 (10 B 5k P B 8 180, 15
TG 3 WL B9 Nafion ¥ 4417 % 75 NiO@
Co, 0, AL, ZLAMT T T4, fEfb Rl T gk it K
Z9J2 0. 279 mg/em’, VEHXT I, NiO Fi Co,0, &
FL R R FH A ) 7 3 il 45

2 ZER5WR

2.1 BUFIHRE

Ni(OH), .ZIF-67 \Ni( OH),@ ZIF-67 [{J SEM
R TEM BN 1 R, B 1(a) (Bl 1(b) Hhm]
DIE M, H 4  Ni(OH), 240k, P8 K1
400 nm A A7, A A, B L(e) (BT 1(d) H
TLAE 1, ZIF-67 Gk 557 )7 1k, R w7t
WAt KA AE 600 ~ 800 nm ZEf7, ME 1(e) 1
(f) ] DL 1, Ni (OH), 44K 2k iz A 3| ZIF - 67
5 ZIF-67 KiFJE i — 3844, Ni(OH) , 41Kk
BN ATFBEA S ZIF-67 R 117 7 IR ZEHE | T A
T Ni(OH),@ ZIF-67 E&%).,

500 nm

(d)ZIF-67 i TEM

(f)Ni(OH) ,@ ZIF-67 &)
SEM & TEM

P | _2ym
(e)Ni(OH),@ ZIF-67 #Y

B 1 FE&H SEM Ef TEM B

NiO@ Co,0, # SEM [ . TEM & .HRTEM & F
EDX ENE 2 fros, MIE 2(a) B 2(b) TA[LLE



- 138 - A AL T

W, G P IS AR S AT AR IR TR IR, S
SEDTURGERE  RST A il /) | 2 1 28 75 R R | 3O R
FAT WU 5 T B b 3=k v 1) 4 ik 1 1 2
AR B AT Y A R RN R B = Ak
I, B 2 (c) HT LAE 2B B NiO 40K
ZEH1 Co, 0, DK IBURL, NiO 44K £ #8 A 3 Co,0, 57
Jrikghtgr, IE 2(d) AT LR Y s 280l bs
0. 24 nm F1 0. 29 nm, XF N7 NiO Z K0k A9 (111)
1 Co,0, GHK ALY (220) 1, R BB G 1S3 T
NiO il Co,0,, MK 2(e) AT LAFE i, FE S A7 7E
Ni Co 1 O SFICE , #— L Ui W] NiO@ Co,0, BT
il %

) g f-'
N Vs % B9
200 nm ﬁ

(b)NiO@ Co;0, fy TEM &l

0o 2

4 6 8 10 12
2548/ keV

(e)NiO@ Co, 0, ¥ EDX
K2 NiO@ Co,0, # SEM H TEM A |
HRTEM [ #r EDX [

2.2 EAFITHAIE &L RLERE

NiO@ Co,0,,Co,0, 5 NiO 7E A A& Wi A 1
IR 3 s, K 3(a) ~El3(e) HaLh
& i ,NiO@ Co,0, ,Co,0, F1 NiO 7E 5 mmol/L N,H,+
1 mol/L KOH ¥ ¥ ' B 1 B AR Ll 5 7E 1 mol/L
KOH ¥ AH L 80 T BH I 1) S e, 0 v 37 7
0.15 V 24y, W 3 i fb 7D B i B AL B0 HA TG
PE, I 3(d) HaTUE 3 R Ak 5 A 06 Ha 3 43
509 3.11.1. 85 mA F10.03 mA, FH NiO@ Co,0,

F42EH11H

Xt IFA AL AL AT Sl AR TG 1

=T 2

______

1
-0.6 -0.4 -0.2 0.0 0.2 0.4

1—1 mol/L KOH+5 mmol/L N,H, ;2—1 mol/L KOH
(a) NiO@ Co; 0, TEARIE W A PE MR 4 &

1—1 mol/L KOH+5 mmol/L N,H, ;2—1 mol/L KOH
(b) Co3 0, TEAIFE 1 A TEFRR 2 4]

0.08 -

HL3 /mA

_0.08 1 1 1 1
06 -04 -02 0.0 0.2 0.4
HE/V

1—1 mol/L KOH+5 mmol/L N,H, ;2—1 mol/L KOH
() NiO FEA R RO ERAR 2 1]

1
3t

2+

Hf/mA

1

ok 3

06 —04 02 00 02 04
HLE/V

1—Ni0;2—Co0,0, ;3—Ni0@ Co,0,
(d)3 FEALFILE 5 mmol/L NyH,+1 mol/L KOH ¥ (1
HEBR R 20 L
E 3 NiO@ Co,0,.Co,0, 5§ NiO 1 1k fif & 1k ey
N
FHEER K 20 mV/s B, AR RELE R E T 153
1 NiO@ Co,0, 7£ 5 mmol/L N,H,+1 mol/L KOH %
WP RIIE R - E 4 frs, WE 4 ] DLE
H DA HR i B o TR EE 1 T T A K T 300°C B I 3K
el (3011 mA) 5 IR AR ST i, W L3R R, 7E



2022 F 11 B

400°CHF R &R 1.11 mA, Ktk 5 A4 0 48 b 1 &
A1 300C

3.0t

2.4} 2
<
E18f
B
al2f L

0.6f 4

0.0+

-06 -04 -02 0.0 0.2 0.4
HLE/V

1—250°C ;2—300%C ;3—350°C ;4—400°C
B4 FE G E AR E NiO@ Co,0, 7
5 mmol/L N,H,+1 mol/L KOH ¥4 i # &y
TEFAR & F

AL FILE 1 mol/L KOH+5 mmol/L N,H,
VW B R AL S BRB TS I AnIE] 5 BT, LR
i ] v T e Ak G B AT S 7 £ T R A D SR A
O, AKX T HA e e A% e R BV AR S g Y
FL A3 BT, 32 232 ki A A 4 ol 5 AR IX, 3=
LY LS, INIE S Rl LE ), Nio @
Co, 0, M= AR BT EE /N T Co,0, M HLIR
F12 R W] NiO@ Co,0, LT IR HLBH/N, BA B 4F
[ HL AL BE T, NiO B IMA$Z T T Co,0, HYHLF
fiae Ty, R BT r Ak E PR AL T A

50 .
a0}
g30- R
?xlzzo— .

1—Ni0;2—Co, 0, ;3—Ni0/Co,0,

K5 A E#MAZE 1 mol/L KOH+
5 mmol/L N, H, ¥ & # &y 52 5 [ 37t B

XUFE JZ2 FLZ AT FH T 2 B e A 700 %) Fi A 23 35 1 1
TR AR ARG O, WU J2 FL 25 5 L b 2 T AR OE L
R PER BRI AR Fi, 3 2 2 (BT 41 i ORAE 1B BT
TR EZM R, DU JZ AR SR k20
PERHAE K, NiO@ Co,0, ., Co,0, . NiO A [al 4l
R A PR 22 1] B BHAR R BF R Fi 3 2% 188 22
HSHMERK LR WA 6 frax, IWE 6 hal LIF
L NIO@ Co,0, M RHRZE R T Cos0, HIRFE, i 1]
NiO@ Co,0, 1Y HL k2% T 14 A i K, 5 NiO @
Co 0, FA F i AT A — 2,

BIHLE  NiO@ Co, 0, ESYHIHIE RE BB EILHGR - 139 -

20 mV/s

12 mV/s

-0.13 -0.12 -0.11 -0.10 -0.09 -0.08
HLE/V

1—12 mV/s;2—14 mV/s;3—16 mV/s;4—18 mV/s;5—20 mV/s
(a) NiO@ Co, 0, AR R T MG IR LR

0.010 - :f
0.005 | /
E 0.000 | = 4
E o005k 12 mV/s
-0.010
-0.015

2013 —0.2 -0.1 -0.10 -0.09 —-0.08
HE/V
1—12 mV/s;2—14 mV/s;3—16 mV/s;4—18 mV/s;5—20 mV/s

(b) Co; 04 AFIFIHH AT RFRFAA 2 4]

0.006 |
20 mV/s

0.004 |

<

E

§ 0.002 12mV/s
0.000
0.002

2013 —0.2 —0.11 —0.10 —0.09 —0.08
HIE/V

1—12 mV/s;2—14 mV/s;3—16 mV/s;4—18 mV/s;5—20 mV/s
(¢) NiO ARl T MR % K

0.020- /‘/
03636 ., —*
0016
E
}0‘012_ 01750 o "
D750
0.008

0.004 0.0501

R — h 1 1 1
0012 0014 0016 0018 0.020
FHiERE/(V-s)

1—Ni0;2—Co, 0, ;3—Ni0/Co, 0,

()3 90 BB 1 . 7 2 18 25 (O 1
B 6 NiO@ Co,0,.Co,0, NiO 7 [& 4
T T W18 AR 2 B R 3B AR e A AR R

FEEZMSAHERH X R

LA 0.1 V A [FEMELFIFE 1 mol/L KOH+
5 mmol/L N,H, % ¥ B9+ B gt i Ze an 1l 7 fr
Ro M7 HnT LA s e 3 R G R R
BRI 2, W 46 s 558 v 1400 2 FL 9 R U
TR J2 R TR A A I B3 o) 3658 22 14 3 PR AT
F T R FL U S D8R F T RS 1 W B A
T, FREGEEL S0, 800 s i, NiO@ Co,0, I
ZHFN 0.35 mA, Co 0, FIAZSHIR N 0. 14 mA,




- 140 - LA AL T

NiO@ Co,0, ML RZE Co,0, MASHITM 2.5

¥ UL NiO@ Co,0, 5 Co,0, H L BA i H 4k
TR E

3.0

25+

< 20F

é 15F

@L%\\T~¥

0.5 3

1 1
0 200 400 600 800
i E) /s

1—Ni0;2—Co, 0, ;3—Ni0/Co, 0,

K7 FEEMAFE T mol/L KOH+
5 mmol/L N,H, A& 7 By v B ML I i 4

3 #ig

I KA B B B L A T Ni(OH),
YKRZE K Ni(OH), #ix A ZIF-67 [-E2E N, LIt
HRTERAAR, 7 S BN IR B T L £ T NI @
Co 0, &Y, it My et o8 T fE 055 Fa Ak
TR PERE . IRZE SRR, 300°C HEbe 45 1
TAREIE NiO@ Co, 0, X IS T 14 A4 Ak T3 14 R0 e
U LT Co,0, #1 NiO, H A TRAF AR E M, BiAL
Z ALY S5 R B SR 25 R T NiO 90 K 26 0 i A 2 7
T NiO@ Co,0, fi#: k.77 1 HL 1% i BE g A0 30 M i
ANNIITE 7 = e S RER G pSF S DAt P Ly o
SR AR 58 T B R i s PR Ak
FITE A BR AR Tt U ARAT 12 N

&% 0k

(1] AR, MR b AR Tt 2 R R D R e B AR BAR [ M. L
AR T AR, 2018,

[2] Zhang T, Asefa T.Heteroatom-doped carbon materials for hydrazine
oxidation[ J ].Adv Mater,2019,31(13) :1804394.

[3

S

(3% 135 1)

[30] Carrettin S, Mcmorn P, Johnston P et al.Selective oxidation of glyc-
erol to glyceric acid using a gold catalyst in aqueous sodium hydrox-
ide[ J ].Cheminform,2002,7:696-697.

[31] Tsunoyama H,Sakurai H, Negishi Y, et al.Size-specific catalytic ac-
tivity of polymer-stabilized gold nanoclusters for aerobic alcohol oxi-
dation in water [ J ]. Journal of the American Chemical Society,
2005,127(26) :9374-9375.

[32] Tsunoyama H, Ichikuni N, Sakurai H, et al. Effect of electronic
structures of Au clusters stabilized by poly ( N-vinyl-2-pyrrolidone )
on aerobic oxidation catalysis[ J].Journal of the American Chemical

Society ,2009,131(20) :7086-7093.

AR B HE MEAR L v b E R B rit AR R0 14 ) 5 5 AL PR RE B

F425511H

FLD] TN AR BT R, 2019.

[4] Asazawa K, Yamada K, Tanaka H, et al.Electrochemical oxidation
of hydrazine and its derivatives on the surface of metal electrodes in
alkaline media[ J].Journal of Power Sources,2009,191(2) :362—
365.

[5] Ma Y,Li H,Wang R, et al.Ultrathin willow-like CuO nanoflakes as
an efficient catalyst for electro-oxidation of hydrazine[ J ].Journal of
Power Sources,2015,289.22-25.

[6] Ding J,Kannan P, Wang P et al.Synthesis of nitrogen-doped MnO/
carbon network as an advanced catalyst for direct hydrazine fuel
cells[ J].Journal of Power Sources,2019,413.209-215.

[7] Radwan A,Jin H,He D,et al.Design engineering, synthesis proto-
cols,and energy applications of MOF-derived electrocatalysts[ J].
Nano-Micro Letters,2021,13(1) :1-32.

[8] Ge L, Yang Y, Wang L, et al. High activity electrocatalysts from
metal-organic framework-carbon nanotube templates for the oxygen
reduction reaction| J ].Carbon,2015,82:417-424.

[9] Qian Y, Hu Z, Ge X, et al. A metal-free ORR/OER bifunctional
electrocatalyst derived from metal-organic frameworks for recharge-
able Zn-Air batteries[ J ].Carbon,2017,111:641-650.

[10] Kim H S, Kang M S, Yoo W C. Boost-up electrochemical
performance of MOF's via confined synthesis within nanoporous car-
bon matrices for supercapacitor and oxygen reduction reaction ap-
plications[ J . Journal of Materials Chemistry A,2019,7(10):
5561-5574.

[11] Zhang J, Liu H, Dou M, et al. Synthesis and characterization of
Co;0,/multiwalled carbon nanotubes nanocomposite for ampero-
metric sensing of hydrazine [ J . Electroanalysis, 2015, 27 (5) :
1188-1194.

[12] Wang Q,Wu M,Meng S, et al.Hydrazine sensor based on Co;0,/
rGO/carbon cloth electrochemical electrode [ J ]. Advanced
Materials Interfaces,2016,3(12) :1500691.

[13] Dai G,Xie J,Li C,et al.Flower-like Co;0,, graphitic carbon nitride
nanocomposite based electrochemical sensor and its highly sensitive
electrocatalysis of hydrazine[ J].Journal of Alloys and Compounds,
2017,727:43-51.

[14] Liang S,Zhou T,Gao Y, et al.Facile synthesis of Co;0,/N-doped
carbon nanocomposites as efficient electrode material for sensitive
determination of hydrazine[ J].Journal of Alloys and Compounds,
2020,816:152574.

[15] Huang G,Zhang F,Du X et al.Metal organic frameworks route to in
situ insertion of multiwalled carbon nanotubes in Co;0, polyhedra
as anode materials for lithium-ion batteries| J].ACS Nano,2015,9
(2):1592-1599.1

[33] Yamazoe S, Koyasu K, Tsukuda T.Nonscalable oxidation catalysis of
gold clusters[ J]. Accounts of Chemical Research,2013,47(3):
816-824.

[34] Fkfe. Au AT LEPE AL H Il i BT K SO LA 58 [ D ]
BN WHT R, 2018.

[35] Liu P,Li T,Chen H,et al.Optimization of Au®-Cu* synergy in Au/
MgCuCr,0, catalysts for aerobic oxidation of ethanol to
acetaldehyde[ J].Journal of Catalysis,2017,347:45-56.

[36] Wang Y,Pu Y, Yuan D, et al.Selective oxidation of glycerol to di-
hydroxyacetone over Au/Cu,Zr;_, O, catalysts in base-free
conditions[ J ]. ACS Applied Materials & Interfaces, 2019, 11
44058-44063.H



