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electro-catalytic hydrogen evolution
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Abstract: The Ni-Mo,N /NF nano composite electrodes applied in electro-catalytic hydrogen evolution
reaction (HER) in alkaline electrolyte were prepared by a simple and efficient process. The structures of the
Ni-Mo N /NF electrodes were characterized by XRD, SEM, TEM and XPS methods, and the electro-catalytic
HER activities of the electrodes were tested systematically. Results show that the crystal structure of the
product was composed of Ni, Mo, N and MosN,, and the best phase composition is Ni and Mo, N, which
showed the best electro-catalytic HER activity among all samples. The Ni and Mo,N could be acquired by con-
trolling the temperature and duration during the thermo nitridation process, meanwhile the content increase of
MosN¢ could not increase the performance of the electrodes. The Ni-Mo,N/NF sample has the morphology of
nanorods. The heterostructure interface between Ni (111) crystal and the Mo,N (200) gives the material ex-
cellent properties in HER. The Ni-Mo,N/NF reaches an overpotential of 20 mV at 10 mA/cm”, approximating
20% Pt/C electrode (18 mV) , with a small tafel slope of 39.9 mV/dec in alkaline electrolytes. The excellent
performance of the electrodes comes from both the abundant electrochemical activity area and its high intrinsi-
cal activity, making it one of the best non-precious metal catalytic materials. It provides a new idea for the re-
search and development of non-precious metal alkaline hydrogen evolution electrocatalytic materials.

Keywords: Ni-Mo N /NF electrodes; electro-catalytic hydrogen evolution reaction; structure-performance re-

lationship

Wk H . 2021-03-15
BATH . REAGH AN UIZRITH (202010388011) ; ff i TRE2=BERHIFS 31401 H (GY-Z160067)
F—AEE T MT0975— ) 2, WHCRBON  RIZEZ , L W57 ) AR St r AT SR LA — PR3



206 R TR B4l

19 45

FEsR B AT S B AEATRL S A K ] 4R
MR ORI NS oS4, NN E 5T T Ak
ZAE DG BT SR LA TR, B AN AT 5T
Ko RAHAZ GGl e 850 25 T Bt &
FEEMOAAERE P H P 45 1 48 Ni Mo Fe
K Co ZimiAbiy > AfL B BRAk
Yyt EA T, BB A A R A AR R
XEERP BT S L AL IR A TR A B P LR B A
i BEFEAIRB S HARE ME R AR, Rils, Ni 57 ot
SERIFRIAU S A AR AL AT S RE T S [ N Sh e
s B G, AR B0KE Ni R S = A 1
B Niy N/Nit” | Ni/Ni, ¢ Li Nio/Ni MY RL &
Ni/MoO, "' SR A AL I, MACER H 25 At 1
Bl PEA T HER AL ERE, LS T8 Pr/C ik
3G,

MG IR S, AR SOR K Pk ] 44 i
BXAR NiMoO, J& 22 LU 24 1Y B AL T. 2008 5L, 7
HRBREER (NF) F 554 55 Ni FE e i
FALHHRRER ( Ni-Mo N /NF ) & &b b , 140
WFFE T AR 45 25 1T B Sl i) AH 48 1 o 1l
IR HE A AT S R Y S ma LA, ST 1 45 5
REZIH] UM AROG 27, Ay Bl 1 vl e K o] S0 E B2 4
JRAEAA LI A, SR AT I %

1 525§

R FHZR I i) 28 BSR4 . 76 100 mL 19 2 48
HOIIA — 8 BC b ELAE P35 59 1% B0 1R 7k R i T
TR, 23 B e 259 AR PR 1 Ak | T AL 3347 1Y
WIREL(NF) ZE S 34 150 Cmdk 6 h, Bim] 3
| NiMoO,/NF ¢ FIi 5 NiMoO,/NF DA 557
KPR, BT, Z R A E L B S s
A —E F i N, NH IR A S, IE7E 450,
500 F1 550 °CF 4ol PRI I ) A 11,5 0
2 h, B AT A B3 Ni-Mo, N /NF &AL HLI .

FEYI AR 25 # 2R ] XRD - 6000 %I X 5k 1
SHUFAE R 1 °/min, BIMEZHA R R
I H - 0 80UBE ( TM4A000PLus 11) 1 43 9% 3% 5
BT W 18 (JEM - 2100F) |, 76 K i 45 2K il XPS
(ESCALAB250Xi) Jri&R Ak, ML= PERERH] =
HL I A 2R 7E Autolab HL k2% T AR S, E kAT,
TAEHRM A ST 45 , 2 LA IR AT AR,
STHLE A 20 mmx20 mmx2 mm A £7 88 H
7E1 mol/LiY KOH /KA T T,

2 #HR5iTe

2.1 MHEEHREMFAR

FHM Ni-Mo,N /NF |3 & i 4 AR, AN 7]
AACIREE T 1 XRD EHEWE 1(a) s, ME 1
(a) AL, AL B IS B9 NiMoO, ( JCPDS :33-0948)
TR 2 ARG WA R A AR e, 3 4
AR PRI BE rh, 450 °C B FF 4G 1 B EL BT NI A AT S
I, 2= 500 °C I 25t Ni U4 (JCPDS ;04 -0850 ) fi%
5, TR EE B Mo, N (JCPDS ;25— 1366) 145 fiF 1 |
£ 550 °C, P52 1Y Moy N ATt | B Bl 5
AL BT 8 )RS0 T AT LB Ni AT Mo, N,
B R M Mog N, (JCPDS: 51 -1326), 4 3C
R RGE , B Ni R Mo, N ¥R BLAT AT AU
PR AL RE, Moy N ™) A et g M U i, (1
PEREI RS B, 55T Ni A Mo, N 20 5P AH 1)
AR EL(500 °C 1 ), BA BT &06 M

¢ Ni ——450C
| MoaN g —500C

i

e

+(200)
+(220)

«(220)

- NiMoO4 JCPDS#33-0948

10 20 30 40 50 60 70 80
20/ (°)
() FHERBEACEE
|+ Ni ——500-1h
(1 MoyN
MosNg

SR

20 30 40 50 90 70 80 90
(b) AR B AL I 5]

1 Ni-Mo N /NF EE#§#] XRD [E i
Fig.1 XRD patterns of the Ni-Mo,N,/NF electrodes
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