2354 5 S W
2021 4F 10 A

a4 T

1001-3555 2021 05-0449-07

CHEMREFARCEBE UGB TR 2R, 5 Ak KA 130114)

s BRPE RO, HUARK BT LY HLO ff B s FRAR R 208 |, 1 b U R A s (2o i (S T Tafel R0% . BEREELA
AAE F AT EIE I A SR 5K G - SR AR S IR IR SIS |, PR R
PRIXCANRR A ] SR LS . FRATTHRGE — B 0 oo VA TR 4K R A B S AL (MoO4_-MoNi,@NF ) , £
fL MoO,_, 4K R A1 51 AR K AR LR R H R R T, 40K e THI B 4 MoNi, &5 &K IB0RL . ZFLIMAK R 451 il
AR A S 0 LR R (57 m/g) FE MG AL . 7 LA (1 mol/L KOH ) , MoOs_,-MoNi,@NF
AT ZLE AT 30 mV EEAEIAE] 10 mA - em™ HUFHE |, ANICARAY 3 do 7 AL T B A B AL 20% PYC (32 mV ) .
[F)F , MoO,_-MoNi,@NF ELA K4 Tafel #1531 mV dec™, UHARAY Tafel %4525 T Ni-Mo A4 5 MoO,_,
2 E B AR R B B4, MoO,, 1T UG SR 5 HLO 85 3143 Hads, MoNi, 44K BURIAF A Hads W& i i (37

Vol.35, No.5
JOURNAL OF MOLECULAR CATALYSIS( CHINA) Oct. 2021

AT LA Hy A2 p , S A2 AR AT S A 5 B T A A AT S

CHUHEAL s s iR 5 B SRR
: 061 tA

ANTTEAEREIR H#TRGE . ATEC) T 54030
PR AR 2L | AR RE TR B UL S 44
R EUR—FHEAR T T AR IR A TR bRk
(RSN T/ DR S N R Y S P s )
ERAE I B R, IR I R S RE TN
figk DR RE DR SCAL 1) E LSRG . R4 R ROk
e, MK B ROR E G R R TR AR Z
— R, AR i R U S R AL
PSRIESLE IR Pr, (E LS B B RS A R A6 2 5
Br e R R A R AR B 4T
SR AELTT

FIRT, e mEEpreth THAR A% . -
AL TR A R 2 A A R O R
SREA Pr By f BT A AR AT RE . AR i T
G EAENT R ARAR SRS S Bk
RN A RN U/ RN R/ RN [/ R
SO E . b, Sa, JUHGE NiMo 7
Gt —RIF I SRR . Ni-Mo 58 BA K
AR BT AS A AR PERE AT LAfEE Hads fEAE{L
SR A PRI B RS . SRTT SR RS [ Y

2021-05-17; 2021-06-20.

DOI: 10.16084/j.issn1001-3555.2021.05.006

S, TERRPEHL IR R HYWREEAAG , A b RGT
FEE S kAR m g2 H0 FEAEAR ) 2% i 250 B H,,,.,
Hads jﬁg%/!:%%/:tfz Hz. lﬂﬁ ) ){i‘% Ni-Mo %é‘z\ﬂ
ARG R H,, W RE ST, (HE H0 7 FAEH R
T B 2%, 3 T EUS W B 177 9818 | Tafel &)
FagE, HAMATE 2B EE P n IR
KB, 4B A Y (M0,) 75 HL AT S 72
TRl A RO Hy0 f# B IR H,,, IR MO,
5 Ni-Mo 48 G HA Bl Ni-Mo & &N &k
R /(1WA = =11 1= (00 e I Y i
WE N EA TR —EE5 Y, BIangeRek . 9ok
gt R SRR T P REE— R T .
AR R BAT S LR A . RIS FEW
TEYERLS 2 HAT 2O B AL . T AT
LR, iRt a EA e st — oo e
A R B Tt e T AR RE
BATIRE T — B # i oo 4 B gk A
F4:51) | 3244 B ( MoO,_-MoNi,@NF ), MoO,_, 4k
AR IMHEERRE MoNi, & UK . % H XK
HEALF B s F AT UM RE | FEBRPE AR R

ETMHEZET =17 BleARRTH (JJKH20211369K]) (13nd 5—year Science and Technology Research Program of the Department of Education

of Jilin Province (No. JJKH20211369K]) ).

Fe#NHA(1989-), Lo, FMRPEAA N, PFIW, B0 -EF 52 A8 24 7, 2 S35 15 BRI & 5 7K 75 Y4 3R B 5T (Qiao Jinsong (1989-), female, born in

Fusong, Jilin province, associate professor, master's degree, mainly engaged in clean energy development and water pollution control research).

* TR R, E-mail : 723745263@qq.com.



450 4 7 O fk

i35 %

(1 mol/L KOH ), MoO, -MoNi,@NF {75 % o Hy,
£ 30 mV ELHESF] 10 mA - em” HEFRAE | XM
HEid 5t e B AaEF 20% PyC (32 mV ). [AH,
MoO,_,-MoNi,@NF HA ALY Tafel £, (L 31
mV dec”, WILAKH Tafel R 25T Ni-Mo 545
MoOs_, Z [ i Ur R AL FIE FH ) & 45 . MoOs_, 1J
DI SR H,0 ff 25 97 B H,,.,  MoNi, 9K TR
YE >} Hads W e BV o5 ] DA 9F H, A2, X A4S
AR A R AR T A AN P VR e F A A AT S
A, .

1

1.1

111 % NiMoO,@NF 1555, TE®EIHEHET,
5 2 mmol 18 NiSO, F1 2 mmol ¥ (NH,)Mo,0,,*4H,0
VT 80 mLZEIK, HiEHE 30 min. Z KA 2
RO 2, IR R BT, 120 C/KIA
N6 h. e HIZEIRG, B, Kk, 7680
°C T4 N34S NiMoO,@NF.

1.12 114 MoO,_-MoNi,@NF ¥4 NiMoO,@NF &

12

F X BB AR ATHHL(PXRD ) 7 Cu-K o 55
P A =0.154 056 nm ) _F I T 5 145 i 2 A
AHZH R . A JEOL-JSM-4800F 7148 Hi 48 %o 4 i 1F
17 T Re1E 53t MR THIESMES . 7E JEOL-2100F %Y
200 kV I B R B SR EEAY T T
(TEM ). =3 PERER (HRTEM ). FH Al-K a( 1486.6
eV )VEN X 565 . 18 ESCALABMKII J6i%{% it
SET X Bt T REIE(XPS ). RS iQ WX
5% T Brunauer-Emmett-Teller N, W} - i bt 55 a2
1.3

S R AR AR TR A9 F A K ) S0R IR AR L AL
FTAEREIAE . MoO,_-MoNi,@NF [ 32 #4881k 571E
RTAERAM, BREEVE X EM , K / EAR B ARAE
JZ R, HECA 1 mol/L i) KOH ¥ ( pH =
14). LSV &R 2 mV - 57, MEBE BT
P S7 43 F A AR R AR DX B A AN [R5 B9 MR
Zhgk . HRCHEALSAIE PR IR . BHATI A 33
100 000~0.01 vHz.

TR PP EAE, AN RS, IRE 2
350 CH-FF2 h, NiMoO, #i8 JF A B MoO5_-MoNi,@ 2.1 XRD
NF. NiMoO,@NF iy XRD Z5 R W& 1a s, 14.2°,
(a) (b)

\g J NiMoO,@NF E’ MoO,_-MoNi,@NF

Mo -

E £

NiMoO, JCPDS: 33-0948 MONi, JCPDS: 65-5480
1 ||||| lll lllllﬂ]_.]l L L L1 ' L I. B e aoal
10 20 30 40 50 60 70 80 10 20 30 40 50 60 70 80
260/(°) 260/(°)

1 (a) NiMoO,@NF [ XRD 3% ; (b) MoO,_-MoNi,@NF i) XRD [& %
Fig.1 (a) XRD patterns of NiMoO,@NF; (b) XRD patterns of MoO,_-MoNi,@NF
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Fig.2 (a) SEM image of NiMoO,@NF; (b) TEM image of MoO;_-MoNi,@NF ; (¢c) TEM image of MoO;_-MoNi,@NF;
(1) HRTEM image of MoO,_-MoNi,@NF
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Fig.3 (a) Ni 2p HR-XPS spectrum of MoO,_-MoNi,@NF; (b) HR-XPS of Mo 3d; () The N, adsorption-desorption isotherms;
(d) The pore-size distribution of MoO,_-MoNi,@NF
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Fig.4 (a) LSV curves of catalysts for HER in 1 mol/L. KOH; (b) Tafel slopes; (¢) The difference in the current density (j) between the

anodic and cathodic sweeps (Dj) versus the scan rate; (d) Electrochemical impedance spectra (EIS); (e) Faraday efficiency; (f) I-T curve
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Fig.5 (a) The H, bubble adhesion force on the surface of NF; (b) The H, bubble adhesion force on the surface of MoO;_,-MoNi,@NF
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Preparation of Porous Binary Transition Metal Nanosheets Array
Electrode and Its Electrocatalytic Hydrogen Evolution

QIAO Jin-song, HAN Miao-miao’
(Jilin University of Architecture and Technology, School of Municipal and Enviromental Engineering,
Changchun 130114, China )

Abstract: In alkaline electrolyte, the water dissociation kinetics is sluggish, resulting in high overpotential and
Tafel slope. It has been proved that it is an important strategy to select the alloy catalyst with intrinsic high hydrogen
desorption activity to combine with the transition metal oxide of water dissociation center and further optimize
the morphology and structure of the complex. A novel self-supporting electrode based on binary transition metal
nanosheet arrays is reported (MoO_-MoNi,@NF). The porous MoO,_, nanosheets arrays were uniformly grown on the
surface of the nickel foam, and the MoNi, nanoparticles were embedded on the surface of the nanosheets. The porous
nanosheets arrays made the catalyst have high specific surface area (57 m’/g) and abundant active sites. In alkaline
electrolyte (1 mol/. KOH), MoO_-MoNi,@NF only required overpotential of 30 mV to reach the current density of
10 mA+em™, which even exceeds 20% Pt/C (32 mV). At the same time, the Tafel slope of MoO;_-MoNi,@NF is
only 31 mV dec™', such a low Tafel slope is due to the synergetic catalyst effect between Ni-Mo alloy and MoO,_,
MoO5_, can effectively promote the dissociation of H,0 and release Hads. MoNi, nanoparticles as the desorption sites
of Hads can promote H, generation, which makes the catalyst be expected to replace platinum as the field of alkaline
electrocatalytic hydrogen evolution.
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