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ABSTRACT Lithium-ion and sodium-ion batteries have attracteded extensive research interest as key energy

storage solutions, owing to their favorable energy and power densities coupled with remarkable long-term cycling
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and storage stability. These batteries are primarily composed of four parts: cathode, anode, diaphragm, and
electrolyte, each of which plays a decisive role in the electrical performance of the batteries. This paper
comprehensively reviews the impacts and potential applications of radiation exposure on the four primary
components of these batteries, focusing on the current status of research and application of irradiation technology
with respect to cathode defects, anode synthesis, defects and surface modification, diaphragm synthesis, non-grafting
modification and functionalized grafting, polymer solid electrolyte synthesis, and modification and in-situ curing.
Furthermore, it discusses the prospects for the application of irradiation technology in the various main materials,
Irradiation technology can significantly improve the battery material's electrical performance and reliability, and it
may become a promising means of battery performance improvement. Furthermore, this paper delves into the
relationship between radiation exposure and potential failures in full batteries, thereby providing insights into the
implications of radiation effects on battery technology under extreme operating conditions.

KEYWORDS Lithium/sodium ion batteries, Irradiation synthesis and defects, Functional grafting, /n-situ curing,

Radiation damage
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3.13 % 10™ Kr2+/em?

2 (a)Na,,Fe ,Mn,,O,E T TEM K& ; iR T ,Na,,Fe, ,Mn,,0,7F 1.88 x 10" Kr*/cm® (b) F13.13 x 10" Kr*/em® ()W
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T, LiNiO, 7E (e)1.25 x 10" Kr*/em* () 3.13 x 10" Kr*/em WL G R ) TEM B4 ; Bt %1 B 28 19K BE 45954 20 nm™
R0 L I 25 J5O
Fig2 (a) TEM image of Na,,Fe,,Mn,,0, before irradiation; TEM images of Na,,Fe, ,Mn, ,0, at the fluence of 1.88 x 10" Kr*'/cm®
(b), and 3.13 x 10" Kr*/cm® (c) at room temperature; the red dashed lines in (b—c) indicate the growth of the amorphous layer upon
irradiation; (d) TEM image of LiNiO, before irradiation; TEM images of LiNiO, at the fluence of 1.25 x 10" Kr**/cm’ (), and 3.13 x
10" Kr*/em’ (f) at room temperature; all the scale bars correspond to a length of 20 nm"* (color online)
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Fig.3 Schematic illustration for in-situ formation of electron beam-induced covalent linkage integrating silicon microparticle
anode with multifunctional gel polymer electrolyte™

T Tl H A B ] O PR 2R TS TR 1 ST AR REAE AR
TR0 I T R R R S B, BRI T SR R A B S
P, WEaRgE M RR e tE, BE R B AR S I 1E R
Ae, JNSCILAS e FI i RE R BT 0 A Ok [ Al B it
T fa . AP RN 7. Seok SN fE U
Si RN [, e e — 4 i) 22 Bk T D' A T
(B PRAL PR WG, AR Si SRR RE PN 38 5 | AT e AT
FEXT S 5T IR EE Ty, AR R 3 & A4 6 (8
o). FRAREFIZER IS Si 9K R 7 IE A 1
R G, FEAEFLRRAI s A, TR b AR AR
MR, PRI it R 7EfE R JOd fe
Si AR R I &G 45 7 R AR Bk, 3 SR B AR
R, dGomE Al T3, $- i SilH R AE 2 M R
Jo SEUiE Ik y B 2 IR AC B A AL A 280 (GOD -5 —
Jiz-5%¢ 2.0 W it (PDA-PED A4k, DL 58 GO 1

LT SO R R E . BRI,
b 24 ik GO Fi )2 5 PDA-PEI A8 Bt 7 #4752
W, o FH ol B AR e 41 R 1S (FTIRD 20 M AN T
LHREREITE . OB FE T AN RIS 2 1) y S 25
HEXT PDA-PEI/E GO 1 |2 Z A AZ BR AR By sz, 1@
I X 2R B T REE (XPS) 20 AT R T, BE R S
B, GO C-OVEZ M/, Ry HLERE
BT A BE () GO-PDA-PEI 454 . 24 50 kGy [y
WIS, AR R ER, RiliE
M) GO I RS B K RHE . R ah, FRi e =
S, HE B AR R 2 PR (KB ) 26 T ot 5 F e 0
Fukushima S5 FH B 2% 58 42k (VU V) BRIk AL
KB, K ILH LA COOH A OH %k [F1 ) Lk 151 4
In, BRI SR K, e Y A5 4R KB
BTG, B ERE R ENGE. B, BN

010101-6



eV AR RO SN BT L A R B P RE SR T

AT A AL T B 422 00 A1 Joi o R A e o >R R R
M) (%) 2 THD 401 0 . Kwamman 26758 1 B £z y 4
LRARIRTE VR R T, R INAEAS R A 5 Hp 8 R T DA
SRS VECGR R RE B 3G N, BRI, B
FUER LSS b Ah, 5 24w BR Ak T DUBR s i PR ik 1)
FERAFRE o I LA I RGN T DA v AR A
LRI i) o 25 B ANIE PR A e

23 EMGARMRIEER AR

B TR R m e, KRl T
W B, WAR e AR . Lee %K FH #L
T AR (EBD 2% 1 SR (PANDAT A £
FLR PR ERAE L b AR R . SRS A
Fase TEAALL, HFENFE PAN [ 24 H 5
L BEAEAC. BFEAE, 2 —MA R E R &
PAN J7V%, HAT & BE 1 Pl ¥ 5 45 & (387 mAh/g) .
Ahn ZEVRIEFE T L AR RO TIO, 9 K RIURL A s I
FAE S 1 e i AR HL A 2 B R R
HL 7 R R RT LA TiO, 9K Bk 2 A B K I R
T AR RN I R RST,  IX Se A I B T 4R
TiO, N K STRLAE #2517 R AL 4 LA 2 1
AE. Guo S5 i it IR & F1 “Co v 4w I AL FE 1) % T
BB 2 1) STAKIRL, 5 R 2 y 4R B AL 2 (1 5 5 2%
SiAHEL, R RERRMAR T B UGE. X
PE BE S5 H R Ty 4 HE AT DU 2 B 45 A J0E N Si i
%, MIMiiEm S S, B, mELUEN
— BT 2L A R AR ) % AR 00 4 BT R AR
k.

24 BEREAREBEBARME EHNBARR

I3 T AN B T R BN A B (G i
Witk (HC) , i MV (1R Bl 57 BROR e} = 22 24038 T v R
FECEFERRL RN . B4, RIEMES, RiEA
A T SR EETHOR AR () e %5 . KW IR s R
PERED . BE A G 25 AU Can T8 A LD 1) BE i %
(500 Whikg) 753K« 2h /Bt i3 F Ryt 7e (4.20)
7 3R LA K At e 3 b BAE 2R (12 000 J 80% 75 &
TREFFO ST RIZ LN, 38 1) 2 7 V5%
DAFE o5 1A I e 7 SR T Re AR R — Pl
(e B, ] DUE A S8 ook — UORLAR K /N 1)
0L SRR ATE S R, T 232 T 7k
WA RMERERD H AY . 1EW§2.1 Frdfiik, 1E VAR
17 Gr R HC 38 75 18 4 77 2 (1) i B 28 4 R T e 8
SRAFCE B AR, IR S B T DU A N 4N

BT BT REAL R, ST AN B T A RE N S A%
fRE ), HEWRR T O R RE R . KR
R MRS Rk RE . T R R R BRI
B v 2% AR (SO M (-3 500 mAh/g, #HEL T
B8 A KL 380 mAh/g E H 2T 10 5O ki Ak
IEF S TS8R T I S 75 A ke () A4 R R K 1 A
(Z£1300%, AR A1067), MEMEARIZIK &
fE1SHA R JE B RS RS 0, 520 H S R AR T 1
BELHG RS HEKRESHcEERNRE.
AN 5358 H R A R 7 2238 2 — 72 1) Gr ik
B35 Si Ak ot HAR A K 10 /&, {HBE# Gr £
Wbl m, ik A m N N A —Fh
it P 5 AR AR Si AR T AL 78 B — 8 )R
ERANR G EMER, Xt T aEIEEBER
V%, & e B AR R — P s R R R 11
FB. L, fREBEREN AT/ A%
(Gr HC.SOM RIS I HT B F B

3 mEREAKRSHBRE

L/ T T L o B S A Y R Y I
Gtk BT oK, B Lk AR S5 i L, RIS Fo
SN A Sl Ui I D A e Y AN i R
PhRE . e SRR ENE . RIBAES . JBEZL
RFEM EEABEEOR . BT, mHEE T
T R E A4 R} 32 SR ] 5 0 (PED FIER P 44 (PP 3k
FLME . PE AL LAIRIE AL 9 1, PP IMALIE LA
TARA TS B T R BRI A KT K
J&, T 3700 R AL R A R ok B e, BT
FL T RE A L S . AR E T AR, DA
WL FBEETE L. &g et ARSI A iy 4 7R
Ko FIRHEARBHRWE . SRS, SRERT
e RPN L TR TR BOR SR AERR IR 5 B AR IR
PECL R DhRE AL B A T R R L G S5, AT R
3 RO P R R P TR R AR RE L AL AR A BA
PR VR P S DG B PR, AN T B T B i
Ry RE A REA 2 A

3.1 HtRRNERAR

I R R P 1) 2% T v — R T o K R S e R
BN TS RIG R TR A I Rl
JEREH . R, HEEREREITARE
IS IAEART B R 5 R R m] 5 B o 2 P A, A
FH B B AR ST 1, Kanbua 25 ARSI AT 4E 5. B
fik % B Ik % (PEBAX) Ml 3¢ 20 — % — T4 I R T8

010101-7



WM A SEMS T2 % 2025,43:010101

(PEGDA) J i KL, R v 8 %6l 2 5 A Wi .
e, RS R Ry 5 R A 4R
(MCC), 8IS 24 ik 7 M 47 4k 5= HAGFEFE
I o WS R B I, 6 R 1 718 em ! (B
5552 892 em (Mg iy i) H 5@ 38, B e AR IR
A& N300 kGy. i 5 18 H K,S,0, % 300 kGy y 5
LRAR IR AT AT 4 K (MCO) BEAT AL AL B, o
BRI R . KA 4E R . PEBAX 5
PEGDA =¥ #%— & Ll &, F£FIH 20 kGy 7 &
(1) y ST 2R 4R R, T A R T 40 £F 4k R/PEBAX/
PEGDA E &R, MLIRIEAE S A T 4 &
J&, MR CRE J B PR T . X TR AT I AR
TG 57 & AR A A RS T, R & T Fb
PEBAX/PEGDA /1 /il i & 1 4 #H 2.0% M) fiE b £F
ez A, BRI B A R FLBR 26 (64.0% ) AT HEfif
TR W RE 71 (37.5%), FHF H#AFR Rt =, 18
150 °C N IR R/ N T 10%, 48 BEE AR h i itk e e =
TG A& A T B I RRE&  T 2

32 HtRRRAERKME GEERR M)

bE A B R R R, R IEAE Sy F Ok 2 1
22—, VR BRI Y ok R S A A B O,
T AR IR — P R R B U DTV, BRI R
REW o TREM FEEMMEE B LB KT
BEEHE, [FIBAE S A R B AR S
AT IHIERL . Jia SR F M T R BR oo g v
MR- LM — T LI/ R W 2 A T
JECHEAT OOPE,  H R IR AR v T R A R 1 2 Bk
B, R TR AR AR e AL e
A )T B BRAE 78 7 A I R R AR R B S5,
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120 140 160 180 200 220 240
Channel diameter / nm

El4 FR WL L —RERSRR R A AR Z i (TED : ()
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PET @R 7E 150~190 nm {65 [l P (7388 18 R 23 A 14147
Fig.4 Ion trail etching (ITE) of polyethylene terephthalate
diaphragms: (a) schematic illustration showing the design
principles of the ion-track etched membranes; (b) SEM image
of the ITE PET membrane. The average channel size is 167 nm
and the absorbed dose is 7 x 10° ions/cm’; (¢) SEM image of
the ITE PET membrane cross-section; (d) channel size
distribution of the ITE PET separators in the range of 150~
190 nm"”
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Fig.5 PE diaphragm irradiation graft modification: (a) process of introducing a borane molecule into the polymer chain of PE
separators by the y-ray co-irradiation grafting process; (b) interaction between a borane molecule and various species in the
electrolyte ™
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Jii FNAZ B 75 DY 2 35 2 0 25 DU B R PR B, TR T 23R
1% V. Ji% (DPI-SIGPE) 1) 5 & W W 26 2544y, (7 ) [
BFENR AR 545 . DPI-SIGPE RILH K
IS TERE, E30°C FAAEME TS HE
(2.7x10™* S/em) , 900 h [ 7F & Mk & 7~ , DPI-
SIGPE X # i A B A R aF i35 514, tk4h, DPI-
SIGPE E A {1t 7 i R ~F #gae 1%, 7£200 °C Rk
BB Bl i . IRIIER 2= s A A E B A
5 MeV HL T Xt & (i 9 44 - = 9 4 1% ) (PVDF-
TeFE)#EAT L7 AR R, IR & 560 kGy I,
A LM PVDF-TrFE H A 5 = 19 H 8 B0 42 e
%, [EZS R RRDE RS TS B
TEIRERE . BT UV 5 BB A R 2 3R A A T
FEAL, oy S 2 A R AR A T 55 7 FH ] 285 e ol 7
FEE RO, Kim S50 90K AL A 82 05 78 50 kGy
“Coy LRSS, il 18w B & R o i A Ak
ASIEAK R, A T & BA E S 40
(10 5% Fs 508 5 0 P AR R R, TP A U R [T S FL
o VIS EL A R AR S R P R R AP R 2 LA
RS A5 7™ 57 1R 70 750 H 2% 4 1 S IR B LA e i
2B RE
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Table 1 Polymer electrolyte films synthesised and modified by irradiation

REMINK RS AR BT SR rasE S5 3R
Polymer type Lithium salt  Conditions of Ionic conductivity ~ Stability Ref.

mass ratio irradiation /(S*cm™)

/%
PEO/POSS/PEGDA - UV 10 min 8.6x10™@20 °C >320 h @60 °C 0.3 mA-cm™  [57]
PHEA/PEG 25 UV 1 min 0.2x10"*@70 °C >200 h @70 °C 0.02 mA-cm™ [58]
PDMS/PEGDA/ETPTA - UV 1 min 1.75x10°@RT >90 h @60 °C 0.2 mA-cm™ [59]
PUA 30 UV 1 min, 30 s 3.2x10°@RT / [61]
DPI/ PTMP/ DMAP - UV 5 min 2.7x10"*@30 °C >900 h @ 0.1 mA cm™ [62]
P(VDF-TrFE) 50 EB 560 kGy 1.6x10*@25 °C >3 000 h @25°C 0.1 mAcm™ [63]

7E - PEO=SE M4 L%t , POSS=J8 B4 R i - fik 4Lkt , PEGDA=2K & ¥ /iR I , PHEA=SR DI M R-2- ¥ L JE WG , PEG=S¢ £ —
B, PDMS=5 — I L b S bt , ETPTA= £ S8 B Ak =2 BE 1A e = AU IR , PU A=A I 6 SR 2 , DPT=X0UBE SR I U %, PTMP=%
1 VU DY -3-37 5 A R , DMAP= 4-— HIZ JE e , P(VDF-TrFE)= (I i ZJ5- = 5 Z45) , UV="K Mg T , EB=HL T H4E 4T .
Note: PEO=polyethylene oxide, POSS=polyhedral oligomeric silsesquioxane, PEGDA=poly (ethylene glycol) diacrylate, PHEA=
poly(2-hydroxyethyl) acrylate, PEG = polyethylene glycol, PDMS=poly(dimethylsiloxane), ETPTA=trimethylolpropane ethoxylate
triacrylate, PUA=polyurethane acrylate, DPI=double-bond polyimide, PTMP=pentaerythritol tetra-3-mercaptopropionate, DMAP=2,
2-dihydroxymethylpropionic acid, P(VDF-TrFE)=oly(vinylidene fluoride-trifluoroethylene), UV=ultraviolet radiation, EB=electron
beam radiation.
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25 °CIE R PEREXS LL IR 5 (cOPVCEA [ 25 F it ot Hi it 5 A MU 5 (LED-JE &7 417 B i COCP) Lt 60 °CHE A EXT b B
Fig.6 PVCEA gel polymer electrolyte battery in-situ curing method and performance parameters: (a) schematic diagram of
electron beam irradiation in-situ fabrication of a battery based on crosslinked PVCEA solid electrolyte; (b) comparative 25 °C rate
capability performance plots for PVCEA solid electrolyte batteries, liquid electrolyte non-woven diaphragm (LE(OCP)) and liquid
electrolyte polypropylene diaphragm (LE (Celgard)) batteries; (c) comparison of 60 °C cycling performance for PVCEA solid
electrolyte batteries and liquid electrolyte non-woven diaphragm (LE(OCP)) batteries'*”
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Table 2 Summary of the application of irradiation technology on cathode, anode, diaphragm and electrolyte materials

for lithium/sodium ion batteries

LA KA Rgh
Battery Types Summaries
component
1EMHR LiNiO, o BE R S R AR AR G A0, B AL R B R AR S BH S TR R AR R AL K
Cathode  LiCoO, B PG AL A MR RE AR 22 I AN AT UL L Ik ST L AELXT T AR S AR B
LiFePO, HIBIE FEAN A
LiNi,,Co,,Mn,, 0, High-energy irradiation causes damage to the crystal structure, most commonly through cation
Na,,Fe,,Mn,,0, mixing, which, in turn, enhances the polarization of the material, leading to further deterioration
of its electrochemical properties. At present, the commercial application value of the effects of
high-energy irradiation on crystal structures remains unpredictable, but they offer significant re-
search potential for the development of radiation-resistant materials
LiMn,O, e BE R R (AR 2 (3 Min R ARHBH 28 TR AR » (BRI A 2 ) F X L8 BH 25 7R HF AT DASBEE Min
FMELT Jahn-Teller WAL RN, 3R T+ AL 22V BE . B TG AT RS & 13, T — AR5
MBS Mn #2808 B, F8 R BORTE Mn & ERA R F R TR0 S A5
High-energy irradiation also causes cationic mixing in Mn-based materials, but researchers can
use this cationic mixing to mitigate the Jahn-Teller aberration effect of Mn-based materials and
improve electrochemical performance. Due to the advantages of price and voltage platforms, the
next generation of materials is mostly Mn-based. Therefore, the irradiation technology in Mn-
based cathode materials shows considerable prospects for its application
Btk Graphite(Gr) FERRA R T , e RE AR IR BE L BT RHHT SR B 18 2% 7 SR B AN SR IS B RE M, I Se g b Ay
Anodal Hard- Carbon(HC)  fig Bl — A FI T4 T Sl HS R K S5 A 70 9T AR T80 1A% 400, 19 e fb 2 1k

Si-based anode

AE. FERESE GO, W FTN 52 32 2R T e M TSSO Re i, €3 — AN A
SRS LRA 2 S 3R AT LY/ R RO PRI B » e RS AR A A 28 vl b B P S A 2 T
ML A E AN RS I {E

In carbon anodes, high-energy irradiation introduces "self-doping" defects and surface-modified
functional groups to carbon materials. These alterations enhance the affinity between anode ma-
terials and electrolytes, facilitating lithium-ion transport and subsequently boosting electrochemi-
cal performance. For silicon-based anodes, researchers have predominantly employed high-ener-
gy irradiation to cross-link organic polymers, forming a solid electrolyte protective layer that ef-
fectively minimizes the swelling of silicon-based anodes. The application of irradiation technolo-
gy to lithium/sodium-ion battery anodes possesses significant research and commercial poten-

tial, offering a promising avenue for advancing battery technology
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Lk
B KR ISEe
Battery Types Summaries
component
Li metal FEAHE 5 OB ve RE R T 2 Mo A0 < P A S R, 0 — 2 n < e LML R 2R K
I B SO R LR A RN B A — IR S
In lithium-metal anodes, high-energy irradiation can deteriorate the lithium-metal electrode inter-
face, further accelerating the failure of lithium-metal batteries. Consequently, enhancing the radi-
ation-resistant properties of lithium-metal anodes holds considerable research value
e JsE Polypropylene X TG PE PP [R5, BHIT A 25411 25 SR g REAR IET L i ook, I s et A 3
Separator  (PP) B REFIEUE R B, A2 AN N B 1 B0 A RO N L5 R VR A S R R, 4 IR R R
Polyethylene PR ARAE RS 1 b A0 22 AH R 24
(PE) For polymer diaphragms such as PE and PP, researchers primarily utilize high-energy irradiation

for surface modification, including functional group modification and grafting. This technique
effectively enhances the affinity of the diaphragms with the electrolyte without increasing their
thickness. Irradiation-modified diaphragm technology has reached a relatively mature stage in

both scientific research and commercial applications

LT It 2
Electrolytes Solid

Liquid

Tt A R P 1 SR 1 Tl 2 WA O 1) B AP B AR S 0 R A 7R SR S W B e AN e
BB AT IR 7 RS RN, BE R RSV, A RBRARE TEEERA
R AR R MV S S

The use of high-energy irradiation in the synthesis and modification of polymerized solid electro-
lytes offers great flexibility and holds immense promise for research, particularly when the poly-
mer electrolyte has yet to achieve usable ionic conductivity. Furthermore, the irradiation-induced

in-situ polymerization process shows promising prospects for commercial applications

VRS PR VB 77 B ABRIR G Dy X2 v e TR 2 et PR AR VR mh I 70 20 1) P 25 DA% LiPF
IME B 4 BORAS FEARRUR AR T TR SRV TR AN B X T VRS R ARV R BN
The liquid electrolyte solvent is primarily based on carbonates, and high-energy irradiation pro-
motes the ionization of solvent molecules within the electrolyte, accelerating the decomposition
of LiPF,, which ultimately leads to the failure of the liquid electrolyte. Therefore, the study of

anti-irradiation solvents and lithium salts holds great value for liquid electrolytes

EHEFTMRAN RFXHTT XHREEUR®X
ERMEABFNR: EHRRS T RRERK
BEFURBXERE T, KAFFHERTT B
XARRIT A RBEER R RE LR CHAT
TREMFEFAMER. TEEEACIBENR

HKIRAL T TN,

S0k

hard carbon anodes for sodium-ion batteries[J]. Advanced
Functional Materials, 2024, 34(40): 2403841. DOI:
10.1002/adfm.202403841.

3 XU, MR, R, S5 v RE R R e ) A R
BT T S BUIR 5 R B [J/OL). i RER 2 H UK,
(2024-08-13) [2024-08-19]. https://doi. org/10.19799/].
cnki.2095-4239.2024.0611.

LIU Tong, YANG Guiting, Bi Hui, et al. Recent progress
of high-energy and high-power lithium-ion batteries[J/

1

Gao Y L, Qiao F H, Hou W P, er al. Radiation effects on
lithium metal batteries[J]. The Innovation, 2023, 4(4):
100468. DOI: 10.1016/j.xinn.2023.100468.

Wang Y K, Lu J, Dai W Q, et al. On the practicability of

the solid-state electrochemical pre-sodiation technique on

010101-16

OL]. Energy Storage Science and Technology, (2024-08-
13) [2024-08-19]. https://doi. org/10.19799/j. cnki. 2095-
4239.2024.0611.

Wang Z Y, Du Z J, Wang L Q, et al. Disordered materials

for high-performance lithium-ion batteries: a review[J].



AZ S E T

R MR R/ L b A O R K R RESR T

10

11

12

14

Nano Energy, 2024, 121:
nanoen.2023.109250.
Abou Elmaaty T, Okubayashi S, Elsisi H, et al. Electron

109250. DOI: 10.1016/.

beam irradiation treatment of textiles materials: a review
[J]. Journal of Polymer Research, 2022, 29(4): 117. DOI:
10.1007/510965-022-02952-4.

Zdorovets M V, Kozlovskiy A L, Fadeev M S, et al. The
effect of electron irradiation on the structure and
properties of a-Fe,O, nanoparticles as cathode material
[J]. Ceramics International, 2020, 46(9): 13580-13587.
DOI: 10.1016/j.ceramint.2020.02.143.

Kwamman T, Anantachaisilp S, Limmeechokchai P, et al.
Enhancements of surface functional groups and degree of
graphitization in gamma irradiated activated carbon as an
electrode material[J]. Radiation Physics and Chemistry,
2022, 195: 110062. DOI: 10.1016/j. radphyschem. 2022.
110062.

Huang X Z, He R, Li M, et al. Functionalized separator
for next-generation batteries[J]. Materials Today, 2020,
41: 143-155. DOIL: 10.1016/j.mattod.2020.07.015.

Jeon Y M, Kim S, Lee M, et al. Polymer-clay
nanocomposite solid-state electrolyte with selective
cation transport boosting and retarded lithium dendrite
formation[J]. Advanced Energy Materials, 2020, 10(47):
2003114. DOI: 10.1002/aenm.202003114.

Chu B B, Guo Y J, Shi J L, ef al. Cobalt in high-energy-
density layered cathode materials for lithium ion batteries
[J]. Journal of Power Sources, 2022, 544: 231873. DOI:
10.1016/j.jpowsour.2022.231873.

HIRME, Az, ki, & . RS b S
HE R [J]. K5 401k T, 2024, 41(5): 960-970. DOI: 10.
13550/j.jxhg.20230445.

FENG Zhenhua, QIU Xiangyun, ZHANG Tao, et al.
Research progress on thermal safety of all solid-state
lithium batteries[J]. Fine Chemicals, 2024, 41(5): 960-
970. DOI: 10.13550/j.jxhg.20230445.

Lei T X, Cao B, Fu W B, ef al. A Li-rich layered oxide
cathode with remarkable capacity and prolonged cycle
life[J]. 2024, 490:
151522. DOI: 10.1016/j.cej.2024.151522.

Huang J P, Zhong P C, Ha Y, et al. Non-topotactic

Chemical Engineering Journal,

reactions enable high rate capability in Li-rich cathode
materials[J]. Nature Energy, 2021, 6: 706-714. DOI:
10.1038/541560-021-00817-6.

Rahman M M, Chen W Y, Mu L Q, et al. Defect and

structural evolution under high-energy ion irradiation

15

16

17

18

19

20

21

22

23

010101-17

informs  battery materials design for extreme
environments[J]. Nature Communications, 2020, 11(1):
4548. DOI: 10.1038/s41467-020-18345-4.

He X Y, Shen J X, Zhang B, et al. Surface Li'/Ni*'
antisite defects construction for achieving high-voltage
stable single-crystal Ni-rich cathode by anion/cation co-
doping[J]. Advanced Functional Materials, 2024, 34(36):
2401300. DOI: 10.1002/adfm.202401300.

Rodriguez R A, Pérez-Cappe E L, Laffita Y M, et al.
Structural defects in LiMn,O, induced by gamma
radiation and its influence on the Jahn-Teller effect[J].
Solid State Ionics, 2018, 324: 77-86. DOI: 10.1016/j.
$51.2018.06.007.

Rodriguez R A, Mohallem N D S, Santos M A, et al.
Unveiling the role of Mn-interstitial defect and particle
size on the Jahn-Teller distortion of the LiMn,O, cathode
material[J]. 2021, 490:
229519. DOLI: 10.1016/j.jpowsour.2021.229519.

AR, HSF, g, & B R MEHE R b Tk E R
FH 4y Mr[J]. s B £ A, 2018, 42(12): 1915-1917. DOLI:
10.3969/j.issn.1002-087X.2018.12.045.

LI Chaoqun, TIAN Zongping, CAO Jian, et al. Analysis

Journal of Power Sources,

on the application of manganese series materials in
battery industry[J]. Chinese Journal of Power Sources,
2018, 42(12): 1915-1917. DOIL: 10.3969/j. issn. 1002-
087X.2018.12.045.

B WS 2T R AR B T BB IR AR R
JS2H [D]. B i oK 4, 2023. DOI: 10.27917/d.enki.
gcxdy.2023.000446.

JIANG Jianhao. Application of layered manganese oxides
in cathode materials of sodium ion batteries[D].
Chengdu: Chengdu University, 2023. DOI: 10.27917/d.
cnki.gexdy.2023.000446.

Zhao W B, Zhao C H, Wu H, et al. Progress, challenge
and perspective of graphite-based anode materials for
lithium batteries: a review[J]. Journal of Energy Storage,
2024, 81: 110409. DOI: 10.1016/j.est.2023.110409.

Fan X Y, Kong X R, Zhang P T, et al. Research progress
on hard carbon materials in advanced sodium-ion
batteries[J]. Energy Storage Materials, 2024, 69: 103386.
DOI: 10.1016/j.ensm.2024.103386.

Liu H, Wang S Z, Zhao J N, et al. Sn-based anode
materials for lithium-ion batteries: From mechanism to
modification[J]. Journal of Energy Storage, 2024, 80:
109862. DOI: 10.1016/j.est.2023.109862.

Ahad S A, Kennedy T, Geaney H. Si nanowires: from



WM A SEMS T2 % 2025,43:010101

24

25

26

27

28

29

30

31

32

33

model system to practical Li-ion anode material and
beyond[J]. ACS Energy Letters, 2024, 9(4): 1548-1561.
DOI: 10.1021/acsenergylett.4c00262.

Zhou J, Fu'Y Z, Zhang T F. A cost-effective production
of LiTi,0,
subsequent application in the Li-ion capacitor[J]. Small
Structures, 2024, 5(4): 2300377. DOIL: 10.1002/sstr.
202300377.

Laudone G M, Gribble

Characterisation of the porous structure of Gilsocarbon

route resisting unsettled market and

C M, Matthews G P.
graphite using pycnometry, cyclic porosimetry and void-
network modeling[J]. Carbon, 2014, 73: 61-70. DOI:
10.1016/j.carbon.2014.02.037.

Li W S, Wang X W, Zhang X T, et al. Mechanism of the
defect formation in supported graphene by energetic
heavy ion irradiation: the substrate effect[J]. Scientific
Reports, 2015, 5: 9935. DOI: 10.1038/srep09935.

Zhou Y, Jolley K, Phillips R, et al. Modelling defect
evolution in irradiated graphite[J]. Carbon, 2019, 154:
192-202. DOI: 10.1016/j.carbon.2019.07.092.

Li N, Wang Y, Liu L S, et al. “Self-doping” defect
engineering in SnP,@gamma-irradiated hard carbon
anode for rechargeable sodium storage[J]. Journal of
Colloid and Interface Science, 2021, 592: 279-290. DOI:
10.1016/j.jcis.2021.02.060.

Qin H Q, Mo Z Z, Lu J, et al. Ultrafast transformation of
natural graphite into self-supporting graphene as superior
anode materials for lithium-ion batteries[J]. Carbon,
2024, 216: 118559. DOI: 10.1016/j.carbon.2023.118559.
Lee J, Cheon S, Heo J, et al. Nitrogen-ion-irradiated
defective tin oxyhydroxide nanoparticle anode for
ultrafast and highly stable lithium-ion
Chemical Engineering Journal, 2024, 486: 150454. DOI:
10.1016/j.cej.2024.150454.

Cheng L X, Shen Y L, Nan P F, et al. Anisotropic

storage[J].

amorphization and phase transition in Na,Ti,O, anode
caused by electron beam irradiation[J]. Small, 2024, 20
(6): 2305655. DOI: 10.1002/sml11.202305655.

Je M, Son H B, Han Y J, et al. Formulating electron
beam-induced covalent linkages for stable and high-
energy-density silicon microparticle anode[J]. Advanced
Science, 2024, 11(12): €2305298. DOI: 10.1002/advs.
202305298.

Seok J Y, Kim S, Yang I, et al. Strategically controlled
flash irradiation on silicon anode for enhancing cycling

stability and rate capability toward high-performance

34

35

36

37

38

39

40

41

42

010101-18

lithium-ion Dbatteries[J]. ACS Applied Materials &
Interfaces, 2021, 13(13): 15205-15215. DOI: 10.1021/
acsami.0c22983.

Jo K I, Kim H, Jeong H S, et a/. Gamma-ray irradiated
graphene nanosheets/polydopamine hybrids as a superior
anode material for lithium-ion batteries[J]. Carbon
Letters, 2022, 32(1): 305-312. DOI: 10.1007/s42823-021-
00308-4.

Fukushima K, Lee S'Y, Tanaka K, et al. Effect of surface
modification for carbon cathode materials on charge-
discharge performance of Li-air batteries[J]. Materials,
2022, 15(9): 3270. DOI: 10.3390/ma15093270.

Lee B M, Umirov N, Lee J Y, et al. Facile fabrication of
polyacrylonitrile-derived porous carbon beads via
electron beam irradiation as anode materials for Li-ion
batteries[J].
2021, 45(6): 9530-9540. DOI: 10.1002/er.6479.

Ahn J H, Eom J Y, Kim J H, et al. Synthesis of TiO,

International Journal of Energy Research,

nanoparticles induced by electron beam irradiation and
their electrochemical performance as anode materials for
Li-ion batteries[J]. Journal of Electrochemical Science
and Technology, 2015, 6(3): 75-80. DOI: 10.33961/jecst.
2015.6.3.75.

Guo C, Qian C F, Li M, et al. Gamma-ray radiation on P-
doped Si
performances[J].
Research, 2020, 44(9): 7855-7859. DOI: 10.1002/er.5438.
SKE, T ERH, W, % HLE T A A SR R AT
FUHEFE[T]. B, 2024, 54(3): 417-421. DOI: 10.19535/
j.1001-1579.2024.03.026.

ZHANG Zhao, HE Chongyang, WANG Tao, et al.

nanoparticles towards the Li'-storage

International  Journal of Energy

Research progress in long-cycle graphite anode of Li-ion
battery[J]. Battery Bimonthly, 2024, 54(3): 417-421.
DOI: 10.19535/j.1001-1579.2024.03.026.

Yuan M Q, Liu K. Rational design on separators and
liquid electrolytes for safer lithium-ion batteries[J].
Journal of Energy Chemistry, 2020, 43: 58-70. DOI:
10.1016/j.jechem.2019.08.008.

Xue Z X, Zhu D Y, Shan M H, et al. Functional separator
materials of sodium-ion batteries: Grand challenges and
industry perspectives[J]. Nano Today, 2024, 55: 102175.
DOI: 10.1016/j.nantod.2024.102175.

Ding L, Zhang D X, Wu T, et al. The influence of
multiple stimulations on the unusual delamination
phenomenon of a Li-ion battery separator prepared by a

wet process[J]. Industrial & Engineering Chemistry



AZ S E T

R MR R/ L b A O R K R RESR T

43

44

45

46

47

48

49

50

Research, 2020, 59: 4568-4579. DOI: 10.1021/acs. iecr.
0c00089.

Zhang D X, Ding L, Wu T, ef al. Facile preparation of a
lithium-ion battery separator with thermal shutdown
function based on polypropylene/polyethylene
microsphere composites[J].
Chemistry Research, 2021, 60(50): 18530-18539. DOI:

10.1021/acs.iecr.1c04271.

Industrial & Engineering

Kanbua C, Rattanawongwiboon T, Khamlue R, et al.

Green synthesis of sulfonated cellulose/polyether block

amide/polyethylene  glycol diacrylate (SC/PEBAX/
PEGDA) composite membrane by gamma radiation and
sulfonation techniques for Dbattery application[J].

International Journal
2023, 248:
125844.

Jia S J, Yang S, Pan Y, ef al. Boehmite-PVDF-CTFE/F-PI

of Biological Macromolecules,

125844. DOI: 10.1016/j. ijbiomac. 2023.

composite separator irradiated by electron beam for high-

rate lithium-ion batteries[J]. Journal of Membrane
Science, 2024, 704: 122827. DOI: 10.1016/j. memsci.
2024.122827.

Sheng L, Zhang Y, Xie X, et al. Polyethylene separator
activated by y-ray irradiation for improving lithium-based
battery performance[J]. Journal of Materials Science,
2021, 56(36): 20026-20036. DOI: 10.1007/s10853-021-
06543-4.

Chen L J, Gui XY, Zhang Q Z, et al. Direct fabrication of
PET-based thermotolerant separators for lithium-ion
batteries with ion irradiation technology[J]. ACS Applied
Materials & Interfaces, 2023, 15(51): 59422-59431. DOI:
10.1021/acsami.3c13519.

Ma H S, Liu J X, Hua H M, et al. Facile fabrication of
functionalized separators for lithium-ion batteries with
ionic conduction path modifications via the y -ray co-
irradiation grafting process[J]. ACS Applied Materials &
Interfaces, 2021, 13(23): 27663-27673. DOIL: 10.1021/
acsami.1c06460.

Zhao Y B, Zhan J J, Liu X, et al. Stable anode/separator
interface enabled by graft modification of polypropylene
separator via electron beam irradiation technique toward
high-performance sodium metal batteries[J]. Journal of
Colloid and Interface Science, 2024, 670: 246-257. DOI:
10.1016/j.jcis.2024.05.095.

Sheng L, Song L, Gong H, et al. Polyethylene separator
grafting with polar monomer for enhancing the lithium-

ion transport property[J]. Journal of Power Sources,

51

52

53

54

55

56

57

58

59

60

010101-19

2020, 479: 228812. DOI:
228812.

10.1016/j. jpowsour. 2020.

Lingappan N, Lee W, Passerini S, ef al. A comprehensive
review of separator membranes in lithium-ion batteries
[J]. Renewable and Sustainable Energy Reviews, 2023,
187: 113726. DOI: 10.1016/j.rser.2023.113726.

Wu D X, Chen L Q, Li H, et al. Solid-state lithium
batteries-from fundamental research to industrial progress
[J]. Progress in Materials Science, 2023, 139: 101182.
DOI: 10.1016/j.pmatsci.2023.101182.

Wang Q J, Bai N N, Wang Y Q, et al. Optimization and
progress of interface construction of ceramic oxide solid-
state electrolytes in Li-metal batteries[J]. Energy Storage
Materials, 2024, 71: 103589. DOI: 10.1016/j. ensm.
2024.103589.

Asano S, Hata J I, Watanabe K, et al. Formation
processes of a solid electrolyte interphase at a silicon/
sulfide electrolyte interface in a model all-solid-state Li-
ion battery[J]. ACS Applied Materials & Interfaces, 2024,
16(6): 7189-7199. DOL: 10.1021/acsami.3c16862.

Zou S H, Yang Y, Wang J R, et al. In situ polymerization
of solid-state polymer electrolytes for lithium metal
batteries: a review[J]. Energy & Environmental Science,
2024, 17(13): 4426-4460. DOT: 10.1039/D4EE00822G.
Wang X, Huang S P, Peng Y T, et al. Research progress
on the composite methods of composite electrolytes for
solid-state lithium batteries[J]. ChemSusChem, 2024, 17
(14): €202301262. DOI: 10.1002/cssc.202301262.

Zhou B, Jiang J N, Zhang F F, et al. Crosslinked poly
(ethylene oxide) -based membrane electrolyte consisting
of polyhedral oligomeric silsesquioxane nanocages for
all-solid-state lithium ion batteries[J]. Journal of Power
Sources, 2020, 449: 227541. DOI: 10.1016/]. jpowsour.
2019.227541.

Sutton P, Airoldi M, Porcarelli L, et al. Tuning the
properties of a UV-polymerized, cross-linked solid
polymer electrolyte for lithium batteries[J]. Polymers,
2020, 12(3): 595. DOTI: 10.3390/polym12030595.
Kalybekkyzy S, Kopzhassar A F, Kahraman M V, et al.
Fabrication of UV-crosslinked flexible solid polymer
electrolyte with PDMS for Li-ion batteries[J]. Polymers,
2020, 13(1): 15. DOI: 10.3390/polym13010015.

Kim J I, Choi Y G, Ahn Y, et al. Optimized ion-
conductive pathway in UV-cured solid polymer
electrolytes for all-solid lithium/sodium ion batteries[J].

Journal of Membrane Science, 2021, 619: 118771. DOI:



WM A SEMS T2 % 2025,43:010101

61

62

63

64

65

66

67

68

10.1016/j.memsci.2020.118771.

Mendes-Felipe C, Barbosa J C, Gongalves R, et al.
Lithium bis(trifluoromethanesulfonyl)imide blended in
polyurethane acrylate photocurable solid polymer
electrolytes for lithium-ion batteries[J]. Journal of Energy
Chemistry, 2021, 62: 485-496. DOI: 10.1016/j. jechem.
2021.01.030.

Wang P H, Wang L Y, Liang X X, et al. Single-ion gel
polymer electrolyte based on in situ UV irradiation cross-
linked polyimide complexed with PEO for lithium-ion
batteries[J].
2023, 44(10): €2200865. DOI: 10.1002/marc.202200865.

Dai C, Stadler F J, Li Z M, et al. E-beam irradiation of

Macromolecular Rapid Communications,

poly(vinylidene fluoride-trifluoroethylene) induces high
dielectric constant and all-frans conformation for highly
ionic conductive solid-state electrolytes[J]. Energy
Materials and Devices, 2023, 1(2): 9370016. DOI:
10.26599/emd.2023.9370016.

Kim J I, Cho J S, Wang D H, et al. Highly dispersible
graphene oxide nanoflakes in pseudo-gel-polymer porous
separators for boosting ion transportation[J].
2020, 166: 427-435. DOI: 10.1016/j.carbon.2020.05.003.

Dong H X, Jin J, Wu M F, et al. In-situ formed

Carbon,

decrystallized interphase enabled high performance all-in-
one all-solid-state batteries[J].
Journal, 2024, 488: 150438. DOI: 10.1016/j. cej. 2024.
150438.

Chemical Engineering

Park S, Sohn J Y, Hwang I T, et al. In-situ preparation of
gel polymer electrolytes in a fully-assembled lithium ion
battery through deeply-penetrating high-energy electron
beam irradiation[J]. Chemical Engineering Journal, 2023,
452: 139339. DOI: 10.1016/j.cej.2022.139339.

Chen Z Q, Yang X Y, Pei N B, et al. In situ solidification
by vy -ray irradiation process for integrated solid-state
lithium battery[J]. Batteries, 2023, 9(5): 255. DOIL
10.3390/batteries9050255.

Shaji I, Diddens D, Winter M, et al. Mechanistically
novel frontal-inspired in situ photopolymerization: an
efficient Electrode|Electrolyte interface engineering
method for high energy lithium metal polymer batteries

[J]. Energy & Environmental Materials, 2023, 6(6):

69

70

71

72

73

74

75

76

010101-20

¢12469. DOI: 10.1002/eem2.12469.

Choi E Y, Son H B, Kang M, et al. One-pot production of
multiple stacked lithium-ion batteries with gel polymer
electrolyte through high-energy electron beam irradiation
[J]. Chemical Engineering Journal, 2023, 470: 143903.
DOI: 10.1016/j.cej.2023.143903.

TRARAR, KRR, AR 2L, &5 . PERE I I PEO k(45
PR A A T AS LA R[], FE i, 2020, 50(2): 114-117.
DOI: 10.19535/j.1001-1579.2020.02.003.

ZHANG Linsen, ZHENG Yinkun, SHAO Yunzheng, et
al. PEO-based solid
Battery

lithium aluminate composite
electrolyte prepared by casting method[J].
Bimonthly, 2020, 50(2): 114-117. DOI: 10.19535/j.1001-
1579.2020.02.003.

Caillon-Caravanier M, Jones J, Anouti M, et al. Gamma
ray degradation of electrolytes containing alkylcarbonate
solvents and a lithium salt[J]. Journal of Power Sources,
2010, 195(2): 614-620. DOI: 10.1016/j. jpowsour. 2009.
07.015.

Ma Z S, Wu H, Wang Y, et al. An electrochemical-
irradiated plasticity model for metallic electrodes in
batteries[J].
Plasticity, 2017, 88: 188-203. DOI: 10.1016/j. ijplas.
2016.10.009.

Tan C T, Leung K Y, Liu D X, et al. Gamma radiation

lithium-ion International  Journal of

effects on Li-ion battery electrolyte in neutron depth
profiling  for Journal of
Radioanalytical and Nuclear Chemistry, 2015, 305(2):
675-680. DOI: 10.1007/s10967-015-4006-8.

Tan C T, Lyons D J, Pan K, ef al. Radiation effects on the

lithium  quantification[J].

electrode and electrolyte of a lithium-ion battery[J].
Journal of Power Sources, 2016, 318: 242-250. DOI:
10.1016/j.jpowsour.2016.04.015.

Ratnakumar B V, Smart M C, Whitcanack L D, et al.
Behavior of Li-ion cells in high-intensity radiation
environments[J]. Journal of the Electrochemical Society,
2005, 152(2): A357. DOIL: 10.1149/1.1848212.

Samin A, Kurth M, Cao L. Ab initio study of radiation
effects on the Li,Ti,O,, electrode used in lithium-ion
batteries[J]. AIP Advances, 2015, 5: 047110. DOL:
10.1063/1.4917308.



