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Abstract Non-precious metal hydrogen-producing electrocatalysts represented by molybdenum disulfide
(MoS,) have attracted wide attention in hydrogen evolution catalysis due to their high catalytic performance. In this
paper, the catalytic MoS, coating was prepared on a nickel foam (NF) substrate by magnetron sputtering method.
The effects of different sputtering powers of 1000 W, 1500 W, 2000 W and 3000 W on the microstructure,
microstructure and electrochemical initial overpotential of MoS, coating were studied. The results show that the
change of sputtering power will affect the sputtering ion energy and thus affect the structural morphology, phase
structure and electrochemical properties of MoS, coating. At different sputtering powers, the MoS, coating shows
worm-like growth and 1T phase composition, with the increase of power, the surface morphology presents a
preferred orientation along the (100) crystal surface. At 1500 W, the diffraction peak (100) is the strongest, the
worm-like structure of the coating has many small branches, and the edge of the coating has the most exposed
contact points. The electrochemical performance test results show that with the increase of sputtering power, the
electrochemical initial overpotential of MoS, coating first decreases and then increases. The overpotential is the
smallest at 1500 W sputtering power, and the initial overpotential is 148.5 mV at 10 mA/cm’ current density.

Keywords Sputtering power, Molybdenum disulfide coating, Structure morphology, Electrocatalytic per-

formance
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PR A SRR Y. R, 3 MosS,
J T 2 S W TR I A7 s, AR LT 25 (100) &b T A=
R v L R T A 1 — AR 1 i D A, T
DR 48 D6 59 1 AR Ry A3 9 0 BB O vk 2 — i
PIEAE

PRI I, A SR FH 48 W S 1 A6 Z2 LA BH I R R
(NF) % TR MoS, ¥ )2, 38 2 el A28 Wik 5 o) 3ok
BT AR T 25 MoS, Uk JZTE 24540 . fhm K &
LA AR ERE AR

1 EEERsy

L1 ZHRUBERERH &

ARSI R FH SR K vp A DR 5 £ MoS, 182,
FEJR B RER FHFLBU RN 88.8% M IRER (NF) . B &
4 JE A BHTE 2588 KO H - Tl 3 R v R S
THUE 8 min, PR &8 1K o, B4 53 0 TS A1
PR ERA 7 20 min, FEATERS 0h vk, Foda B 0 e
PR RE S [ 78 B A A 5% D Re % B A TR 42
e, DURIIETR 2 A3 50 M $EAE HH MoS, B R B4
A, AR =99.5%; HUA B L A FE B 290 15 em; AR

JEEASEE A 5%10°° Pa, M EASZE N FEALIE N 99.999%
1) Ar <, TN 65 mL/min, 4 T 425 MoS, &2
T3 HL R PR AR R 5 3L 0 25 5 1 e, Tk i
i e 25 6 B IS A REHEAT 15 min BB JK B 1 U5 A0 3R
1k, LR 500 V, LA 1.5 A, KA 1.0 Pa; fif
17 5 min K (Ti) i3 P 2 IS A0 #E, JE 38 226 nm, 1)
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Tab. 1 Deposition time for the same deposition thickness un-

der different sputtering power

FERARR WRATDIR IR B himi DIRURE
1 1000W 600V 1L7A  44% ~2.0 pm
2 1500W 600V  25A  66% ~2.0 um
3 2000W 600V 33A  70% ~2.0 pm
4 3000W 600V 50A  80% ~2.0 m
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Fig. 1
400 nm scale; (¢), (f), (i), (1) 200 nm scale
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Surface morphology of MoS, catalytic coating at different sputtering powers. (a), (d), (g), (j) 2 um scale; (b), (e), (h), (k)
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Fig.2 XRD patterns of MoS, coatings prepared at different

sputtering powers
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Fig. 3 Raman spectra of molybdenum sulfide coatings pre-

pared under different sputtering power parameters
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Fig. 4 XPS spectra of MoS, coatings prepared at different sput-

tering powers. (a)Survey spectra, (b) Mo 3d, (c) XPS di-
agram of S 2p
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FIZ IR, SR R0 B8 (AFM) 43 B XTFE 1000 W,
1500 W. 2000 W F1 3000 W ik 5 Ty 3= F il 5 19
MoS, %2 HE i A =4k (3D) EMG R4 T 1T A4, Wi 5

5 R [ % 5t 2 3R i 4% 19 MoS, IR 2 19 AFM BT . (a)
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Fig. 5 AFM diagram of MoS, coatings prepared at different
sputtering powers. (a) 1000 W, (b) 1500 W, (c) 2000 W,
(d) 3000 W
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Tab.2 Ra value of coating roughness under different sputter-

ing power
By 1000 W 1500 W 2000 W 3000 W
HBESE Ra 9.74 nm 29.8 nm 24.2 nm 27.1 nm
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Fig. 6 Changes of (a) linear sweep voltammetry (LSV) and (b)

overpotential of MoS, coatings prepared at different

sputtering powers
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i EAS3 N 317 mV., 226 mV, 276 mV F1 274 mV,
Fb 40 PR (NF) SEIE AT RHE 531 mV 2 46 35k F A7 B
W REA, (H L 40%PyC MR it LA By o B 2 T 5
Ty K, b ik B A7 e N S 3R, 2SI S DR
1500 W i, MoS, # 1t ¥k )2 #£ 10 mA/em’ fil
100 mA/em® A H i 45 3k #L057 F5e /N 43 R 148.5 mV
1226 mV,

XF E A B AT, DU [R] D) F 1) MoS, 1R 2
BE A LA 2E AT SR AL PE BE HE NF SR R & ik
PEBELF, UL MoS, 12 B ALRCR, BRI
AEAEXT MoS, 2 WAL R BA —E 152 . iX
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Fig. 7 Tafel slope of MoS, coatings prepared at different sput-

tering powers
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Fig. 8 Nyquist plots of MoS, coating prepared at different sput-

tering power

RS LSV MRS R —E.

3 4ig

SR FH AR ik o s W 2 X e i o A L
S A7 e S 0y 5%, AT S M) 42 0 e B . AR
SR W B T Bk AR M TR R (NF) I Ll 4% T
MoS, fi AR 2, 3 1 SRR R 5 I 3 21 3SR 52 R [
T 5 T X MoS, B JZ MOWEE # . L EUTE 5 LA K
e Sy U A0} A A =

(1) VU AN [0 S T e 1 £ 19 MosS, ¥ J2 FiL Ak
M E AL R BE I B T SR A R, U IR R
TS 1 4 1 Mo, T2 ELAT W W A ARRICR

(2) R JFH R 2 e S VR R 0 PR B8 (NF) 3 i BT
T MoS, W2, AR P13 6l 45 19 MoS, 1# )2
HH BT B S e R R 1T &R A,
[ B} 76 DU R S5 D 2T Mo, 14 )2 #0230 #5 (100)
A TR LR, 888 AN R A TS PR 05, 7E 1500 W



1090 H = B

ST 5 I NI S

o 44 3%

1T (100) fi7 5 1 455, Y (100) TP AL B ] T 22,
LW S0 HOIR 2544 W B T AR 2 41 /N 4y 32, 8
i AFM 4307 1500 W T FELRE B e K, B @R TG P 45
W, A Re B 4f .

(3) 7 5 21 R XF Mo, 142 B Ak 24 i 1k v BE
ARACHZ A, [ 5 I 553 D) 2R () 38 K, MoS, TR 2 M &l i
A Iy 2ok HL A7 e /N S 1S K, 7R 1500 W B fie
I A A B F A7, HEAE R o PRV 4 O 10 mA/em?’
B S 4 F Lk 148.5 mV, 1 B vfE B T % R
100 mA/cm” Hoid B8 457 2 226 mV, 3 i 35 JE IR R
FTH AL A BHBTWIER T 1500 W it e Ak 2i v e e b

B % X #
[1] Sun X, Liu W H, Zhu K J, et al. Research progress on
preparation of metallic phase MoS, and electrocatalytic
hydrogen evolution[J]. Modern Chemical Industry, 2023,
43(10): 46-51 (FhoLr, X SCHE, AR IT 4, 45 4 @ AH
MoS, Wil S R AT S BB at e (1] SARAE T,
2023,43(10): 46-51 (in Chinese) )
Hou Z Q, Long J P, Shu Z Z, et al. Research progress of

two-dimensional layered transition metal sulfides in the

(2]

field of energy storage[C]//. 2017 China (International)
Functional Materials Science, Technology and Industry
Forum Proceedings, 2017: 4 (fi:5RG, B &, &7,
. TR JROIR I I i A ) A A RE T A 1 0 S
[C1//. 2017 Hp [ ([ Br) S RER BB 5 7k s SR8 3
B4, 2017: 4 (in Chinese) )

Zhang C. Synergistic promotion of electrocatalytic oxy-
gen evolution by two-dimensional NFEL-LDH /Mo(OS)
x nanosheets[J]. Nonferrous Metals Materials and Engi-
neering, 2022, 43(4): 21-27 (3K i,. — 4k NiFe-LDH/
Mo(OS), 4K J PRl fie it A AL BT 4N (], A5 (o
@A T2, 2022, 43(4): 2127 (in Chinese))

Ding S S. Preparation of four kinds of composite materi-

(3]

[4]
als and their electrochemical hydrogen evolution proper-
ties[D]. Mianyang: Southwest University of Science and
Technology, 2016 (T XXX, PUFR A A #4 A4 i) il 25 S He
B Ak F AT A PERE A ST [D]. 48 FH: PRI R K 2%, 2016
(in Chinese) )

[5] Zhang X H. Preparation and Properties of ultra-thin MS,

l6]

[7]

(8]

(9]

[10]

(11]

[12]

[13]

(M=Mo, W) nanosheets[D]. Jiangsu University, 2014
(B AE. M MS,(M=Mo, W) 4K F 1145 S5 HEREDT
7% [D]. YL K2#, 2014 (in Chinese) )

Gong C Y. Study on Structure and properties of Molybde-
num disulfide thin films prepared by magnetron sputter-
ing[D]. Guilin University of Technology, 2020 (I /= FH.
B M il 2 — AL PR 254 S5 PERERITSE (D). A
ARER T K2, 2020 (in Chinese) )

Yang R. Synthesis of two-dimensional nickel-based nano-
materials and their application in energy conversion[D].
Lanzhou University, 2022 (#7#8. —4EZ5F 8 BE 90K M4
HBHI G RS HAE BRI 4 Hh i ST [D]. 22 MK
#2022 (in Chinese) )

WuKY,LiuQLuYY, etal ALO; thin films prepared
by magnetron sputtering and their corrosion resistance[J].
Journal of Functional Materials, 2020, 51(2): 2209-2213
(RINSE, X5, BRI, 55, ARSIl ALO, WERRE &
i ik A REAIESY (9], DIREAS L, 2020, 51(2): 22092213
(in Chinese) )

Chen W. Preparation of MoS, thin films by RF mag-
netron sputtering[D]. Jiangsu University, 2008 (B4 Ja. &t
PG PE A MoS, MR & BFFE [D]. 11952, 2008
(in Chinese) )

Gao J, Lei W. Preparation of bimetallic carbide compos-
ites and their hydrogen evolution properties[J]. Journal of
Zhejiang University of Technology, 2019, 47(3):
348-354 (i, T & DU IR BRI A bORHI ] %
Be HAT S ERERFSE (7], WITL Tl K224, 2019, 47(3):
348-354 (in Chinese) )

Berit H , Jens K. Nerskov, et al. Biomimetic hydrogen
evolution: MoS, nanoparticles as catalyst for hydrogen
evolution[J]. Journal of the American Chemical Society,
2005, 127(15): 5308-5309

Chen X P, Xing G J, Xu L F, et al. Vertically aligned
MoS, films prepared by RF-magnetron sputtering method
as electrocatalysts for hydrogen evolution reactions[J].
Composite Interfaces, 2020, 28(7): 707-716

Li S L, Song H S. Quantitative raman spectrum and reli-
able thickness identification for atomic layers on insulat-
ing substrates[J]. ACS Nano, 2012, 6: 7381-7388


https://doi.org/10.3969/j.issn.1001-9731.2020.02.035
https://doi.org/10.3969/j.issn.1001-9731.2020.02.035
https://doi.org/10.3969/j.issn.1006-4303.2019.03.020
https://doi.org/10.3969/j.issn.1006-4303.2019.03.020
https://doi.org/10.3969/j.issn.1006-4303.2019.03.020

	1 实验部分
	1.1 二硫化钼涂层的制备
	1.2 涂层表征与测试

	2 实验结果和讨论
	2.1 溅射功率对MoS2涂层表面形貌的影响
	2.2 溅射功率对MoS2涂层物相结构的影响
	2.3 溅射功率对MoS2涂层电化学性能影响

	3 结论
	参考文献

