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Abstract: Lithium-ion capacitor is a new hybrid energy storage device which lies between
traditional double-layer capacitors (EDLCs) and lithium-ion batteries (LIBs). They integrate the
advantages of high power density, high energy density, ultra-long cycle life, wide temperature
adaptability and low safety risks, thus holding important application prospects in fields such as
wind turbine pitch control, energy recovery from rail transit and automobile braking, power
frequency regulation, and electromagnetic ejection equipment. However, the thermodynamic
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characteristic differences and kinetic rate mismatch between the battery-type anode and
capacitor-type cathode in such devices have severely restricted the further improvement of
their energy density and cycling stability. Meanwhile, to match the differentiated charge
storage mechanisms of the anode and cathode, the electrolyte is required to simultaneously
possess excellent electrochemical stability, good anode-cathode compatibility and high-
efficiency lithium-ion conductivity; this stringent requirement has further limited the
breakthrough in the comprehensive performance of LICs. In recent years, a series of
breakthroughs have been achieved in this field regarding electrode material modification,
electrolyte optimization and key device technologies, which have jointly promoted the
improvement of power density and energy density of LICs. Distinguished from existing
reviews that predominantly focus on single-material system improvements, this study adopts
interface compatibility and kinetic matching as key analytical approaches. It systematically
reviews research progress in core materials and key technologies for lithium-ion capacitors,
elucidates synergistic mechanisms among component elements, and evaluates the impact of
diverse technical pathways on device performance. Comprehensive analysis demonstrates
that optimizing material structures, enhancing interfacial compatibility, and regulating kinetic
matching are critical for improving overall device performance. Additionally, the study outlines
emerging research frontiers and industrial trends, providing theoretical and technical
references for large-scale application of this technology.

Keywords: lithium-ion capacitor; cathode; anode; electrolyte; pre-lithiation technology
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Fig. 1 The key materials and device technology of
lithium ion capacitor
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Fig. 2 Schematic diagram of different types of lithium-ion capacitors
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Fig. 3 Schematic diagram of lithium-ion capacitor

N

7 JBCHA EaLiEN

PF: §
1| PF; Liry
= ()
Lir ¥
Lis 4 Liv 4
e = |
ik

El4 EETHEAFONEREE
Fig. 4 Mechanism schematic of lithium ion capacitor
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Fig. 5 (a) The relationship between specific capacitance and pore size and the state of electrolyte ions in
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Rl B RAWRIG, HRREEZ RN
(AL FL-KFL MFE R e . B g
PR IRAR AT LB, R =S L4
H, WERtRER, (IR R R AR &, AL
5 2 Tl A2 7= B 28 B M RS, i 2 A
VB LitfEAL & s TR i el RN S i, RAE
R AR R N, BEFR A KRR, KiEf
FHIEM EE A B, MR AL GERRA R A 5 B (G 14D 1)
B, AHEA S FHRBK ERREEZE, #4
FLSEPRR P, g1, B T AT SR ko A S T
HL 5 38 IE R RE (1 1) % A P T 7

F1  ERPRIAHIE R REXTEE
Table 1 Preparation, modification and performance comparison of cathode materials
IERA R 1 & U T v faa ZH LR

B EZ R E/d KOH Ik G fb 4k 2 64 mAh/g (2 Aig) [46]

FAREHTE S R 2 AL R i R4 B /K 2 TR A #E 1) KOH FE Ak 149 mAh/g (0.3 A/g) [47]

TR RS A AR T fh 5B A 90 mAh/g (0.5 mA/cm?) [48]

RGO E AR KNO, %k st 140 mAh/g (0.4 Alg) [49]

IR E S AN ERPAHS, 5IAC (sp?) -H sl 222 mAh/g (0.05A/g) [50]

TR kLY L 96 mAh/g (0.05 A/g) [51]

B~ 11 & 1) AL P R iR KOH Z B Liud 139.1 mAh/g (0.1 Alg) [52]

3 4 M ERE T, BARE VA B AR A s N S B S

B

TR AR DR B A 1 2 4 v RE B T I A%
O, ORI A SRR R B R . FE TSR

IR NI R AAE (PR TR e B, XA T4 22 AR
(e 2R T 1 ARG I TR RE S, (BBl
FILREANR S . 5 AR BRI B/ AL A EL
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GRS SEE RS, A R T T
RGBT EITN, EEE T SRRk
M. R R R B BT T B S T
GRS ST, LIS O I o R L R B 4 R
Mo, DANEBIES RS R, Rl KR
F e, FR, SRS T A R T it T
B, R (R BRI
HALTIRRL ISR AIA SRR
REIE, BIEMED, RN O AR M o A
125 S PP RSP REAT SO (5,
LA Tt NEEE COW T LV
(TiO, Li,Ti,0,28) Jy3, JHI A8 T-H A/ i
FeocHRe. (R ARG MR e, HBET S
TR, WAtk . XA A R RS, 1
SBHIL A EN 372 mAh/g, ik B a1k 400 mAh/g
Db, BAFTERIAGE G M E, e E
PHELS) BB T AT, B2 b ),
e RGUE IARE ST, Sn. Sb2EARL S B M
LB LIRS S AR . R

PG R BN, B RATiA 4200 mAh/g,
TN R, (H 2 70O R AR R K R 2
(FEIZIK R 300%), 2 FECBAR 6 FtiH SEI X
W, AR, ES R, BB
RLIERING, AR PR ES, H B R 2 il
BERENY) (Fe,0,. C0,0,2%), il LikAEw
AR T A 4 BT S Li,O SEDL i RE . X
FEI R AR P4 (200~1000 mAh/g)  HJEH Kk
VEZ . AR, EAERT SR E, BT
PECERS A, FEASRERAE: FN, K
JO7 3ok A P — s A AU K GEE 50%~100%) »
KHIE 3 5 LS W S B, HL WD 4R P © sk
AL,

EEX Bk, g2, fdl JUEE e e A
FEEFELLUR UM gokEmstE. B2
otk A SRR A . I8 Rk
PRI T i, ORI RS e M e L B IR i A
REE 2 AR ENAL, IR = Th R 5 T Hth
BT ARG R AR R 2 N I B T R

&2 IRAPRIEHI E AN REXTEE
Table 2 Preparation, modification and performance comparison of anode materials

AR ] & S P T Eas IR i 22 3R
m-Si@NDC R AL B L7 2482 mAh/g (0.2 Alg) 200 (8 A/g) [81]
Nb,0,@CNTs MBI R & 325 mAh/g (0.2 A/g) 4000 /& (3 A/g) [82]
POMOF@PPyY/RGO PR+ R A 985 mAh/g (0.05 A/g) 100 & (0.05 A/g) [83]
RILIN G 2 LA TEASRE+S 5 4% 457 mAh/g (0.2 A/g) — [84]
CoP@C B A +aR AL 983 mAh/g (0.1 A/g) 3000/ (10 A/lg) [74]
Sb@BP/C WE A +Sb Bk 1495 mAh/g (0.05 A/g) 1008 (0.2 A/g) [85]
Z4LSi LS 559 mAh/g (2 A/g) 1008 (2 Alg) [86]
Fe,O, PR+ AL 671 mAh/g (2 Alg) 500/ (1 A/ [87]

3.1 YRS MOEHERRE/ M i &8, B RPD F

G R SERE A2 TR AR I S SRk 22—,
A RRL ] R R GOR S5, I GSR YRR AL
MR AL A PERE . IO SRS IO R BLAE : 46
FLES T AR AR, 9K RO A RS R T K
i B AR B T AE AT R AR O S, [RI IRy
TAER S, RTINSO,
SRR IERE; MRS I AR, AORES R
e LER AR, RESRTT LA 5 RN ik i AR, 3
IR BEEAL 5L, I A 22 SRNEB 15 e ih ik
RN 5 MR A IR, AR R R R8s fe 2
O ZALEERFIRE M TR AL 78 2 022 18], A3 R

FEFF A A RURZ K, 8 S RUBRL 1 2 R A Bk
USRS R v, 1 S A K A e M S A A i o
ANTRIZRAYAFARAA RN FH 122 S I 36 P s A 22
5t AR S RIAL ] A S TR AN R, &
Rz R A AR A AL BN GEFART 10%), A
UEZROR S5 A4 A SRS (1 S 2 PR TH S T HORR 5 i
PEAL SR A, AR AR AR . B R A
TR 2 K Fr . GRS S5, P4
Rz e F T € R X (i 4 A P il
BEIRRE AR TR AR DA SR R B 2 B T RS, R
GBI N R T3 BoE R 18 . = R kR
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AR 1A R, (7] I 3 G 40 oK R (4] 58 5 S50 5T BH
Jist e, SRR A AR E . Jiang
S & T BRGIKE (CNTs) B IR 45 4 i 48 6K iR
HO(LTO) gikE ARl 24iLTO JE 41 IRCK
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CNTs I £ (1) 2% [ A BH AR R0 ] T LTO dfk A
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78 LTO B A 35 10 97 B2 [ A9 80, B0k R ]
N TER AR, BEOR SR 2RI,
5% THEE T BUR S, T H CNTs 7 il = 4k 3%

sz, BARLTO Biki 2 (8] i) 48 Zx e filt, ¥4 LTO
gkpRn <87 &R, RAEAGME AR S
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[ 1€ 8(d)]-
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B A 24 BEIA B AL Rb R E

@ (b)
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P A7 e S D R e 141 T A i N
2, GRATRIZAREIE R, SRR A B
SRAGAFEENE . Fan 550K MnO g4 K ok £ 2% 78
RBIRIIBZ , JPR A Sl e AE TR A s
i b, i 8(e)Fi(f). MnO 9Kk E A 55K 1 B
RIAR, W UL RS 7 e, SR AL 2 HE Tk
(DRSSP NI/ TERY o S IS B BURT: ZAN T TN
Fa O HUARRIZAR L T, Sl A SR B 20 AR
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60 v 3% CNTs/LTO o
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20 * 7% CNTs/LTO
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2800f () S100[SI@C. 4 sttt eriniss] )
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0 ! o
f 2 85 160 ©
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E‘ 800 2 0 5 10 Cycle %%mber 20 l40 &
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Q o
S 400f  Si, 0.9 mg/cm™2 300 mA/g! 120 %
&)
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(h)

E8 (a)LTOHISEME; (b) 5% CNTs/LTOHISEM[E]; (c) 11% CNTS/LTOHRISEME; (d) FEI& = CNTHIEERMRE;

(e) IGR-MnO-CHyHI&=ER; (f) Bi5ZSiINWsHITEME%; (g) IGR -MnO-CHISEMENS; (h) Si@C HIiE R
Fig. 8 (a) SEM image of LTO; (b) SEM image of 5% CNTs/LTO; (c) SEM image of 11% CNTs/LTO; (d) Rate
performance of different CNT contents; (e) Schematic diagram of IGR-MnO-C preparation; (f) TEM image of
B-doped SiNWs; (g) SEM image of IGR-MnO-C; (h) capacity stability of the Si@C
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Sl MIE AR E M PR . B0, Wang %98
i E R A2 B 800°C ML IEREY KR 58
T—ZW, B SI@CYKE. B IIRRIZE A E
RSN, RIEI R E T Z 0D TR
SN 1o 124N KHEAE 1000 GRG0 BE AR R L)
700 mAh/g )75 &, 2% B 8RN B E 3 0.02%,
A B 08 A 1 me [ 1 8(h)]. Zhang %57 id i
IS AAE A SR CBRIR, 7R HGE i FE o R

AL AL B TR I 4, AT G i L B 25 40> SI/C 4K
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BB F7, RIS AR e 0 v £ e M R A R I B M A
E M.
3.2 BHm

BB RAM B TSI RRE T ()R
B, EREOREEEE T, wdiEEm e
TR RREIEIREE, SR RE I AL,

NS GO BIE S LI 2 HH i 285 A4 B AR LR
FefaE, WRVREN, (HIELB T HoE R 5108
HFFHRERE, SRS GRERAE. fxhithg
MEL SIANESE LR (N B) Al ikt Rln
WP %R, BB TEmREY, AR T2E
PEs [FIRT, S0 TR BIN ST S 1 sE R
PRAE B ARG (ST, AR, X EEERAE T
BTN I “IRIE”, iR T R4S
PRIy Bae e, MM MRIE T BUkE, &
LA E RO SR e, O E SR
UK ) R . Gao S5 i &SR - 7 (1) CVD J7 il
HERBIRNAUH B, NIBJOm 5] g R
R B AR, AR TR LA A (1 Ak 2
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HAR R R . R B AT 5 B T 1o
BZES, V5K GRS IR B (2
ML), R T BUEIE . Cheng %1% i1 F
AR — R R RS T LTO 48K (Vo-LTO-
NS). it EFiZ MBI (DFT) HHHIESE, BEE
AP RN (0% $ETHE 10%), LiTHiy #x
e 22 M 694 meV .3 FF K 22 388 meV, F #i R %k
(D) HEREIHK ., QB M0EE 5B EH
TS0, BRALLILTO (2.6 eV) #4F
Hn B Gk, BERFHE IR, HikiEg
HEEBMENEL SINELE TR (WN. Sy P) 8
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AL (NP5 48 EAs A ), HAB AR AR T e
(R 7B 221K 25.3%, =11 Zn 1121.1% #1 Mn [#)
16.9%) o IXFRHARGI N i AR, (HR B IR AR 4
AR, RIS S S R AT TR
AAEH TR, WNE3, K35 FEEMER, BAEE
M 25 mA/g Tt % 500 mA/g i 75 B AR R 40%.

*3 EREEFEFIFER

Table 3 IR drops and Internal Resistance
R R4 B /mV PIBH/Q
Undoped 67 0.134
Zn-Doped 55 0.110
Mn-Doped 64 0.128
Ni-Doped 58 0.113
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9 (a) rGO/E LIEHIHI ZFILEHIRERE]; (b) MoSe,/MXene-23E 28I SEME&; (c) MoSe,/MXene-2 f&EF1 MoSe, #%t
fEY K EIFE; (d) INE Fe : Mo BE/REEAIXRD &; (e) R[E Fe : Mo EE/RELAI Raman [&; (f) CoP@C HIHI & FnLh#
~EE
Fig. 9 (a) Schematic diagram of the synthetic route for rGO/MnO heterostructure; (b) SEM image of the MoSe,/
MXene-2 film; (c) long-term cycling performances of the MoSe,/MXene-2 film and MoSe, at the current densities
of 0.5 A/g; (d) XRD patterns of different Fe : Mo molar ratios; () Raman patterns of different Fe : Mo molar
ratios; (f) Schematic illustration of preparation of CoP@C heterostructure
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Fig. 10 (a) Schematic illustrations of Li plating on typical graphite host and graphite host with head-mounted
architecture; (b) TEM of CuUO@PPy hybrid nanomaterials; (c) Charge-discharge performance of CuO, CP-x;
(d) Schematic illustration for the fabrication of the Si@rGO@NC composite; (e) TEM of m-Si@NDCName of
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