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Figure 1 (Color online) The development blue print of future energy and electrochemical technology“2

BrLyak & B R AR TENT &V (hydrogen  revolution
reaction, HER), #% /2 ii(oxygen revolution reaction,
OER)FI4 i JF 2 v (oxygen reduction reaction, ORR)LA
A8 DL AR AR SN BT 5 B A A A 50 i 4 Sl i it 5
I, EESZHORTE R 25 FePE Se ik e IR 5 )
MFRRI. BJa, ASCEHT T 5B FARERTE i ik
R i 2 5 T P T i AL S RRAR, O B AR & R
At T 1R,

1 SFETARERE

CEB X S R 2 E R KIrving Lang-
muir T 19284F 42 1. A = Ay A7 /e A FE AR
AR, 5P —Fh i B AUA, TR FR o v
K. FETERBE B BB YR
SR SR, ARG A BT PR IR ik
P RS ). B R PR (3R Y A
HORBOSR YR AR, N5 R AR A 37 TR AR
fEtR, SRJA AR R, s AR,
T AR i AR e A g, Hrp i iE s fer
FOR G e EVBCTE R SR AR SRR, MR A
PORN B TR BERANIR], S5 B A O3 e R AR T
PRI A5 B A, AR A5 8 1A S o3 A B Tk
R AN, RS Es TIRA IR E SR,
LT () ML FLBE(T,). o, n FORAEE TR

3696

H, storage

3
4_“<_a-;3

Fuel storage

Chemicals, materials

1

W TR BE. TEMUR S BT, n i LR i
F10°~10" em ™, TERSZE B TR H710"°~10" em P2,
TARE B TG SR, 7E PSR TR (LS L
RIS KB T, TAT(EFIRE, mikJL
+HLTREE; 1 eV=11605 K), X E W E A Fh2E 09/ 1
ABELA MR T R, AR RN S, Tagie
KT T(T<<T,), XEWH FZ 3| T ReREI L, sk
MR IR, JERAE B TR iy s Pl BRI R
PO AHEST TR SRR AR U SRR
R, JEAEE B TR OIS S5 8 AR, P RRY
i N P SRR DR, V8 45 B TR —
LK REATRHEERIN TR AR ARy ik
EONRSE ey 7 110 N [ R R o N S WD 4 93
H. HECR . A BBH YA (DBD) SH(RF)
IR (MW )i e 251,

TR, SFE TR AR SEENH & ARLE
R KZES, HBRE S T— sl 112 AR )
A, FTLAAEH A SO G A — SR /N, dni
Pin R T ARRR, HEE AT DU — S RN AT AL REAR
JffE. EERERELAY . 2B Y. SR .
Nt & NI A5 AR 202 (R . 2B TR, S
b2 SN 11 PR 240 B 5 S IR IR L g I FR S L I
TAERMRAIZEBI DL R Al T2 S 50GRE . oA
2R, I, AT RAGE e o e PR R R s A AR B



BB T 45 D g,
AbH.

2 SR T ARBORAE AR RS 5 1w )

RYFFEE R FIRMIER T, &8 TR RS0
P AUFIE R (1) 558 FARES mrak iRl & 4
N, JEAS B SRTIRIAIE AL G4, sCE TR & Y FER0T
RUBZRMIEA BAERTIRAA R, SR IRBEFR A ik
AT (2) S8 TR S ROk AR & Al b, TR
R AR ZI D, (HR AR B B R OC R A BAERT
IR, TEREE S — R BT, XAk 2] i
I (3) B FIRIEISE S RTIRA M R & AR R, X
PR FR R AR (4) S5 BSF IR F B R AE DU,
ARG, X AR R A TURRLIR. SAh, H AR
A3 8 72 S 2 RT LA W AR, B R B Ak 50 A
T RUEART . A SO A B IR A 1 B2 e, BEAITIE
LB A RIEHER . OERFIORR LA K HoAts 8 U, Hia i
3 Al S AR S T 5 b AR AR A ORI 25 (R AR 52 0 e
PGS HH A5 B TR B A A A A 591 B Al 3 T BB VR A
LRIV EN -l

2.1 iRATYR

Hur AR E 2 AR SRR SE. ©
A A AR FENHL FIN,, AR ETI20,, BFENAHS
SR PH A ETE A WP 5Na,H,PO, 5. iR AT
U8 — 77 T BB 175 T i SR A RA e A 5 Jt 1 st 1) RN A A1 174
TREET A RFE AR, TR &8, AL .
SEA B S 5 Ty T AT AR AT
SCPLSE R TR B, A AR R TT R
E"JT’;‘%HON‘B].

WNE2(a) 77, ZhangZE NH N2 8 7R b B
BT T ZEEMNIMoS 4. MATWHIET &
250 W, 450°C. 13.56 MHzZF T, N5 PR ErE
TEPEER T (N, NFINT ) S NIMory Ik, I H 4%
B R A BTG E E W R AT DL B i AN AT Mo R
S AE BINIMON. (I, ANFF 15 min, NoSHH5 B (A
AT LK NIMof 4 T AR B H7% fE A NiMoN. - 4n & 2(b) it
IR, Zad SRR FRAN RS, BRAE ERINIMo A 4 ok
AEEAR Iy = A A8, X PR S S TR EE A A 2 ik
BN = A R A AR 2 ) LA 1 i o R AR i 1
FEbE, FTANIMoNZE B H #br AL TG P, 224 Fi 37 2
10 mA em i}, NiMoNF3 HLA 109 mV, FF HAEAR

S BT B R AR L ) 7 A

[ FL 23 AT A PERIRAR 8 M. B TR A LASK, Aibi]
R, A SRR (Cos0,)TE IR F{UAE] min
S0 AT AN, 25 8 R Ab B fh S CoNDY /£ 58 BUNH, 5
TR (>500°C) I K7 EEAH HEE™)) N &8 ik Rk idi A 1k
A (R S A, JT IR B IR AR ZE .
TEALSE B, M AF]10 mA cm ™, OERITHI
O B EFRARE290 mV, RPN, 5 T8 S04 =
fEA TG

SR, B PR AR e AL IR N
FR B 1R SE AR 4. Xus N ATE R A
AR KB CoPA KL FE 51 (CoOPNWs/COWE T 58 % 42,
AT FH O, 45 B T i S A e, 0 s 55 B
FR b BRASF ], ZEAR TR R A TTHR R S0 CoP 32
T HI3 43 4 Ak, TR CoO,/CoP ST 2854 flifi ] & BRI
FE B CoO, A LR FEFR I HER AU 7K it 5. Rk, 58
FARESARLL, YRS EE 100 mA cm ™, O55 8Tk
A CoPNWs/CCHYBM M HER IS P 5 T T 44, it
HLOZREAIE T 180 mV.  [AlIS, AbAITHIESE T O, 55 8 F A 7E
HoAh TURP RS SE A A7) oy FH S . [RIRE ML, T
SRR T AR T bk, He AMRI O, %8 1
A% B il 2 HLA 19 52 45 HMo,C-MoO,(Mo,C-MoO,/
CO)(E2(c)). MATH AR UTRR T 285 A H8cbe ikl 4
fIMo,CZ: i T 0,5 B ik, Zad %5 PR F S,
AT THE Mo, CH& RIS TN B A AR S )2, X ml I R 3 i
MoO,(FEI2(d)). ATk — 2 Hin i P8 45 O, 5 3 1A 1)
AR, fEMo,CR IR S A by, XFh
b B R 37 A B FIR AR I Mo, C L FH FHERf#
A IR OE R . ¥ Mo,C-MoO,/CCHE R 7 i A
167, RGHISE T HERS AR A E Ay, 255 %W
SIARMAY G, BMHEMFITERR A BRI
ST RE.

LiangZ: A" FIPH, 2588 TR SCIINICo st S A AL
YI(NiCo-OH) [ B AL I (NiCoP) 575 . A& 2(e) s,
AT S A K PR R AR LA K NiCo-OHY K Fr,
SR R FHPH 25 B T 1E250°C 5514 T A BENiCo-OHZH
KA, ALBREE] A 15 min, ANE2(OFR, a8 1K
AR HINICOPHCAR (R F B 40K A M8 B 254 . il
g LR IANICoP HA I 5 FYHER FIOERMEAL TG M. 77
PerL R BR, X THER, RS H10 mA cm i,
LA 32 mV. X TOER, YA %5 4710 mA cm™
i, s 280 mV. BRIIL, AT SRR A8 UNiICoP
Faf#K, 5RFXIRYREHE N0 mA cm i, HE

3697



M4 %8 & 2024598 £69% %254

== Mo(VI)-O

in-situ reduction

(e)
el
WIS TR oS -~
hydrothermal

Ni foam NiCo-OH on Ni foam

== Mo(IV)-O 2
H'e

) A duringHER T+ :

B 2 (FZ8 R ) it A TR A s T e A A AL b R Y (@) N2 s FAb BENIMo & 42 (149735 25 8T (b) NiMoNEISEMIAL. (c) O,% 85 Tk
Ab3EMo,CHI7R EE]; (d) Mo,C-MoO,/CCHISEME. (e) PH%%HM&EEN@-OHQ@%%?@ ; () NiCoP/{JSEMA

Figure 2 (Color online) Application of embedded source plasma in electrocatalysis[44’

A7, (a) Schematic diagram of NiMo alloy treated by N, plasma,

and (b) SEM image of NiMoN. (¢) Schematic diagram of Mo,C treated by O, plasma, and (d) SEM image of M0,C-MoO,/CC. (e) Schematic diagram of

NiCo-OH treated by PH; plasma, and (f) SEM image of NiCoP
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Figure 3 Application of etching-type source plasma in electrocatalysis[48’49]. (a) Schematic of Ar plasma treatment of carbon cloth, (b) SEM image of
carbon cloth after plasma treatment. (c) Schematic of Ar plasma etching of Co;0,4 nanosheets, and (d) polarization curves of Co;0, before and after

etching
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Figure 4 (Color online) Applications of reduced source plasma in electrocatalysislsz’m. (a) Schematic of H, plasma treatment of Co(OH)F; (b)

schematic of plasma-assisted preparation of 3D P-Mo-NiFeLDH arrays
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Figure 5 (Color online) Application of deposited plasma in electrocatalysts[ss’sﬂ. (a) Schematic diagram of VG-supported NiF enanoparticles assisted-
prepared by PECVD; (b) SEM image of NiFe@NVG/CC. (c) Schematic diagram of Co(CVD)-Fe(s) nanowires assisted-prepared by PECVD; (d) SEM

image of Co(CVD)-Fe(s) nanowires prepared by PECVD
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As societal norms have evolved, the demand for carbon-based fossil fuels has grown exponentially, and the traditional
fossil fuel sources, represented by coal, oil, and natural gas, are being consumed at an alarming rate. Consequently,
humanity is currently facing a severe energy crisis. The development of new clean energy technologies has become a
central focus of contemporary energy and materials research. Electrochemical technology can be employed for the
production and conversion of clean, renewable energy. Electrocatalysts play a pivotal role in electrochemical technology.
The current focal points of electrochemical research are the design and preparation of novel electrocatalyst materials and
the investigation of the catalyst’s mechanism of action. The advancement of sophisticated preparation technology
represents a pivotal research direction for the development of novel and efficient electrocatalyst materials. Plasma is a
fourth state of matter that is distinct from the traditional solid, liquid, and gas states. It is composed of a multitude of free
electrons, molecules, and atoms, in addition to other components. Plasma technology has emerged as a novel nanomaterial
preparation and modification technique due to the substantial quantity of active substances present in plasma. Due to its
universality, simplicity, and high efficiency, plasma technology is frequently employed in the synthesis of transition metal
compounds, including nitrides and phosphides. In addition, plasma technology can be employed to dope heterogeneous
atoms, including nitrogen and phosphorus doping. Moreover, plasma-enhanced chemical vapor deposition can be utilized
to prepare distinctive nanostructures, such as vertical graphene nanosheet arrays. The plasma source can be broadly
categorized into four forms based on its mode of action. The first category is the embedded source, in which the plasma
source reacts with the precursor material and forms a compound with it, or the main element contained in the source
remains in the precursor material in the form of doping. The second category is the etching-type source, in which the
plasma source reacts with the precursor material and etches it. The third category is the reducing-type source, in which the
plasma source induces the precursor material to undergo a reduction reaction. The fourth category is the deposition-type
source, in which the plasma itself undergoes a deposition reaction to generate a new substance. In this case, however, the
source itself does not remain in the precursor; rather, the main element is carried away by the gas flow, which is known as
an etching-type source. The plasma source induces the precursor material to undergo a reduction reaction, which is known
as a reducing-type source. Finally, the plasma itself undergoes a deposition reaction to generate a new substance, which is
known as a deposition-type source. Furthermore, the existence of common catalysts can be divided into two forms: Powder
catalysts and planar catalysts. This paper will first provide a brief overview of the fundamental principles and
characteristics of plasma technology. Subsequently, the pertinent parameters and their applications in diverse fields,
including hydrogen precipitation, oxygen precipitation, oxygen reduction, and other prevalent electrocatalytic reactions,
will be examined. Finally, the advantages of plasma technology in the design and preparation of planar electrocatalysts will
be summarized. Finally, the plasma technology utilized in the field of catalyst preparation has been discussed in the context
of the challenges and difficulties inherent to this approach. These include the lack of clarity regarding the mechanism of
interaction between plasma and catalyst materials, the limitations of plasma sources, and the fact that plasma equipment for
the preparation of electrocatalysts is not yet sufficiently developed for industrial applications. Furthermore, the potential
applications of this technology in the field of energy materials and the emerging research trends in this area are presented.

plasma, electrocatalysis, hydrogen evolutionreaction, oxygen evolution reaction, oxygen reduction reaction
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