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Fig. 1. Schematic of (a) plasma sheath, (b) vacancy defect, (c) pore defect, and (d) doping detect.
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Fig. 2. Schematic of the influence of material surface struc-

ture on the plasma sheath.
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Fig. 3. (a) The distribution of ion flux near the single nanotubes arranged in a rectangular pattern varies with plasma density and

nanotube diameter, the electron temperature T, = 2 eV, the ion flux distribution is indicated by dark yellow circles relative to the

direction of the adjacent nanotubes, and S1, S2, and S3 respectively represent the cross-sections of nanotubes located 75, 50, and

25 nm above the substrate surfacel?”; (b) the growth mechanism and SEM images of sharp, long carbon nanocones grown in a RF

plasma-based process'; (c) schematic of the synthesis of a mixed array, and corresponding numerical simulations of the adatom

density and electric field within the model pattern*!,
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Fig. 4. SEM images of (a) Fe—N/C-0 and (b) Fe—N/C-120; (¢) Raman spectra; (d) N, adsorption—desorption curves; (e) pore size

distributions; (f) FT-IR spectral®!l.
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T IRXF NagVy(PO,)s(NVP) % A ik 17 2 R it
PE, SO0 T2 S 800 e i 25 4 S A%

NVP rh BRI 4 s . o — IR E 5 6 i
(Kl 5(b)), & & A 25 AL ) NVP-4N Y Na W [} g

(0.9125 eV) ik T &K &b B 49 NVP-ON(0.5161 eV),
U S A2 B FIT Na BB (8 5(c)).
HAh, NVP-4AN 19 Nat§ ## 22k 0.237 eV, B3
fiXTF NVP-ON [ 0.426 eV ([ 5(d)). £ &b e fif 2
JE 240 5(c) Fias, NVP-4N Hf 48 25 7 B I 4 |
FHE (FMA) AR (5 6) KB R, RHZX
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S M, AU TR R R DL F g o3BT
7R, NVP-4AN Xf Na B0l B8 457 4 0.579 eV, &
T NVP-ON (1) 0.311 eV, FHHE =N HFIHE =
W REYEIN, AR T Nat i n B 800 5 v, ok,
W2 T 5 5 T FIE T ARG B 7 Sk
AR, TR E ST, NVP-ON [ RN
1.751 eV ([ 5(e)), R FH M2 | V3 15
18, S A5 AR TOR BRI A T, 2l BRIk
/NE0.9161 eV, WSS T RHME (B 5(1)). m,
NVP-4N H % 7E 20C 53R~ HA 81.1 mAh/g ¥
LS4, 8000 AEIF G A it IR HERIK 75%, A itfe
FT 18%, I EREdE = T 3 £

4 RRETHRERAMB

LA SRR TR TR IR 3R
FITCR AR T B, © UM REIEA R A
MFEB. NTP A E1ii N B (B2 | M)k
FIBFEF) AR T B an R BAR A PERE PO 7EfR
FREHR, 000 B 6l 02, ) 900 ST
AT, Hop R R RO S g 1A B
A 5 AR TR LSRRI TR GRSl 2
il A R WA RS B 4 T BT (). N 4B 2%
B AR R 2 3 AR L, AR R N (U
i) MEHE N (NTCH %) Fmk N (FoCH il
Z%). MLIER N L F-32 A, M SO L AR 00 12
ZRE N 7 Al AR N 228 A1 850 9 OK REZL T
(SR AR A, o Il 7 L R MRS SC BT 7). 2
BRI — D N Z IR AL PRI 8] 7ERI AR
B, 2R EE R A A A S5 0 i AL BRAS ) SiE <
S5 T RZ kAR R I ORES Y, MR R 00 A
PR ID LA i 5, AT SR i T BRI 224800
I ol AER I RTTHE S 2015 R T, B R S5 A S B
N BIp SRR mAFE, R i TR, dhmi
THHAE R AR 2 A B H AR T

T # BB PR, 1945 T 458 TR BE |

A SRR, ARSI O R g, 7T LR
AVBERR, H22EARE, Hh SR
9 . Liu %5 58 5% H DBD 45 8 TR 7E N, R
T ALPRERANK A, T8 L AR A ) SE B K A
A SR MERE ZURTE e 20 % & (1) 8% . Ding 45 )
K H N, MG A A5 B IR 45 T8 N A 055
% Pt 4K, AL RR IR L Gk 2538 R uk
PO S 45 B b4 R Lin 46 70 F) B NH, 45 857
P E R JE TR 41 H iR (H, N, NH F1 NH,)
ALHUE S, AT LIRS B 2 B T
S RER AR IR, e B TF & /1. Evlashin &5 M 2%
FH B IR L AF B FARTE Ny, Oy TS AT
I3 AL BT B AR BE LA K 5 7 ) S A B, SCERTE
FEAG TR I Ay SR FEAUAT L
SIAAE G B AR T, 0] LSE B4 R F B 2k,
Yue % ™ 3% H] DBD 45 8§ F K 7E Ar S il &
TN, O, CultB s, T4 R 344
(K 6(a)): 28 1 4, Ar & TIRZIMRACS = AR
RIW 15 by 56 220, TR PR IEAT Ar 51
RALER (JRZAE MR, G R A Cu(NO;),
W 15 by 57 340, TR T Ar/ QIR A RIA
B FRAL L. GnlE 6(b) B, e T2k o R
JE ST, B B B SR 7 A R RIS PR AL A, R
X} R E W, E 6(c) BaRE 2K DBD BT
A B, SR T (110 eV) FlE %
(1018—10% m3) L F R IREARAL T 10 eV Ay fk2E
B (1 HIH T A AR AR RE ), R TR B R 3
B R A B AR BRI RN R I -, — 3% ET
HEEHL C-N H#E, LR AB A, B A
J -5 S AR A% R AR, B R T 2 B I BN AL A
3L B3 R CoHs, -OH, CHj 5%
FEWA 731 5 AN 00 ik 45 5 4. —OH #1—COOH
FEW, $REEKE (B 6(d)). Ak, CutfE% 51
L T2 FHGA N Cu B, FH8R 8 1
F4b R CuO, 528 Cu JE T2,

# 1 ABRRPY KAEERER
Table 1. The bond energy table involved in the nitrogen doping reaction!™.

g i HERE/eV gt FERE/eV
C—H 3.2—4.7 c—C 2.6—5.2
N—H 2.1—4.7 c—O0 0.95—3.0
C—N 12—3.1 Cc=C 3.3—175
C=0 5.5 O—H 3.4—5.2
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Fig. 6. (a) The synthesis procedure diagram of the plasma-prepared catalytic electrode by non-thermal plasma; (b) schematic dia-

gram shows the steps of plasma preparing catalytic electrode; (¢) doping mechanism of nitrogen atoms; (d) introduction process of

oxygen-containing functional groups(™.
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Bro | ABEES xR R A2 s BRI AR THE . HE
A B TRAE N —Fho PG PRR L R ik, ml
FEIRAIZAT T R | Az FLESH | 24 T1B 4%
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SPECIAL TOPIC—Non-equilibrium transport and active control strategy in
low-temperature plasmas

Applications and prospects of non-thermal plasma in
defect engineering of energy materials”

XIE Zhipeng ZHANG Da  LIANG Feng'

(School of Metallurgical and Energy Engineering, Kunming University of Science and Technology, Kunming 650093, China)

( Received 1 September 2025; revised manuscript received 27 September 2025 )

Abstract

Non-thermal plasma (NTP), as an advanced technology capable of efficiently synthesizing and modifying
materials at near-ambient temperatures, has attracted significant attention in the field of energy materials in
recent years. Owing to its high electron temperature and low bulk gas temperature, NTP can significantly
enhance the electrochemical performance of electrode materials by creating vacancies, enabling heteroatom

doping, and adjusting multiscale defects such as

porosity and surface roughness, while preventing I EI
thermal damage. The plasma-material surface > J?\acanf\,yj )
interaction is a complex system involving mutual ) /\3/ /.J
influences between the plasma and the material. An in- Yo /‘:) J

depth understanding of this mechanism is essential for
achieving precise control over defect type, density, and
spatial distribution by modifying NTP. This paper
systematically summarizes recent advances in the

application of NTP for etching and doping energy

. Energy
materials, with special emphasis on the formation e materials

mechanisms of defects and their functional role in

plasma-surface interactions. The plasma sheath effects,

defect generation pathways, and the influence of . .
Hierarchical pore Heteroatom doping

material morphology on local plasma behavior are structure
discussed in detail. Finally, this paper outlines

prospects for future research on NTP-modified energy materials.
Keywords: non-thermal plasma, plasma-material surface interaction, defects, energy materials
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