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Primary batteries: Technological evolution, expanding
applications, and future outlook
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Abstract: Following the invention of the voltaic pile, primary battery systems have evolved
steadily, offering high energy density, long shelf life, and minimal self-discharge rates. These
robust features support their applications in military equipment, implantable medical devices,
emergency power supply systems, and exploration in extreme environments. Despite their
advantages, conventional primary batteries still suffer from limited power capability, poor
electrochemical reversibility, high recycling costs, and underdeveloped pathways for
rechargeability. This study examines the operating principles and diverse application
landscapes of lithium and zinc primary battery systems, highlighting and proposing
performance enhancement strategies. Cathode engineering via bulk doping, surface coating,
and nanostructural morphology control bolsters electronic conductivity and structural stability.
Concurrently, an advanced electrolyte design incorporating functional additives and optimized
solvation structures promotes efficient ion transport and the formation of stable electrode-
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electrolyte interfaces. Another critical research direction involves transitioning these primary
battery systems toward secondary (rechargeable) functionality. The fundamental obstacles to
achieving reversibility include sluggish solid-solid two-phase reaction kinetics, significant
cathode-volume expansion, and the high decomposition barriers of discharge products,
including lithium fluoride and lithium chloride. The introduction of catalysts into the cathode
architecture accelerates bond cleavage and reformation by lowering the decomposition
barriers of inert discharge products. Further, tuning the electrolyte composition effectively
enhances interfacial reaction kinetics by optimizing ion-solvation structures. Furthermore,
constructing a stable electrode-electrolyte interface buffers volume changes and suppresses
parasitic reactions, thereby enabling stable cycling. Looking ahead, the trajectory of primary
battery development is expected to shift toward higher power and energy densities, reliable
operations across extreme temperature gradients, greener recycling protocols, and practical
rechargeability.

Keywords: lithium primary battery; zinc primary battery; high energy density; rechargeable
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Fig. 2 Market size of primary batteries: (a) The overall market for primary batteries; with breakdowns for the
main segments of (b) zinc-manganese; (c) lithium primary batteries; (d) projected market share distribution for

202517
@ © {CLHBLRE 13.5%
SAFT 9.0%
Maxell 7.6%
NIRRT
27% Energizer 5.8%
IR IEAEE] % 5.7%
Duracell 5.4%
Varta 4.9%
e L 4.5%
Vitzrocell 4.4%
FDK 4.0%

El3 E—REMHTHANER: (a) HAE—

R ; (b) $2—X

RINA; (c) EBEBHN IS BRFERL™
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Table 1 Comparison of performance parameters for major primary batteries

RAIBER TAEREN  BHISHCARE/(mARG)Y  SIPRELAERI(Whikg)Y  TARREEIC  AEEBRERQ0C)%  watE Sk
Li/Fes, 1.37 894 983 -40~60 <1 Ly [28]
Li/MnO, 3.0 308 159~250 -40~60 1 Ly [29]
Li/CFx 2.41 865 2006 -70~95 <1 Ly [30]
Li/socl, 3.67 451 590 -55~80 <1 7% [31]
Li/'so, 3.0 419 330 -54~71 <2 7% [32]
Lifl, 2.8 221 270 0~40 <1 Iy [33]
Zn/MnO,(fif) 1.2~15 308 297 -5~55 2~5 i [34]
Zn/MnO, (%) 1.7 308 228 -5~45 5~15 i [35]
Zn/o, 1.2 820(J: T H11%) 922 0~50 10~20 i [36]
Zn/Ag,0 1.5 231 350 0~60 <10 i [37]
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Fig. 5 Reaction mechanisms and modification strategies of Li/MnO, and Li/CFx primary batteries:

(a) Schematic of the self-discharge and degradation mechanism in a Li/MnO, primary battery®"; (b) schematic
illustration of the design and working principle for a composite cathode for a Li/CFx battery®; (c) the role of
lithium salt concentration and solvent molecules during the discharge process of a Li/CFx battery (where E is
the working voltage, and hc and Ic represent high and low concentrations, respectively)®; (d) schematic of the
working principle for CFx discharge in a solvent with a high donor number (DN)*®; (e) the mechanism of in-situ
removal of LiF on CFx by the Lewis acid gas (BF,)*
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LG B b 2 i 2 R VS In 7R (TPFPB) /E 2 LiF %k
PRAE 5 H 145 T PR DME 5051 55 s B PC v 771 o
MIEF, K ILAE DME Hin N 77 & (i 2 5 204
0.4%)TPFPB n] & E & i i A = 5 R . B
I, TE R R T R R, Rk B = DN BV
A\ & H DNAERIER I B 7. [mIE, Bo&/b i)
W R AN 77 LA ik [ 05 C—F 34 I 25 M LiF 3% %€,
REA AT Hth P Re .

2.4 Li/sOCl,

Li/SOCI, Hath il ¥ LA Jm BN bk, 2 LAk
IE R RAAR, T A A% R S (SOCI) 1 IE 4%
T VE W VA T DY SRR R 2 (LIAIC,) R A D H AR
FO s R an K (B)T s

4Li + 2SOCI, = 4LiCl + SO, + S (5)

SR R LICH 22 E 5 SR TH AR R AG IR, —
J7 EIPRRS T #1485 SOCH I Hr 2L [ 87, BEAK HL it
IAFE R (<1%)PY 55— 7T, BHAS T LitfH
L%, FHRME AR E—E R RERR
GERL, fFAEHER G I ES, R, AR S F
LiCl 2 7E IE 8K 2 FLBFLBR R IR, 46 /N IE AR S TH
I, IEREL, SRR R IR, 2 A
K, AR SO, AN KA 8, 2 3 K HLth P9 3 11
J£71, AEAEZ A A .

NT BRI AL I ZE LR IERR B4, BT DAZE IE AR N
NEALF] (40 Co-Pc™., Mn-Pc™), itk SOCI,
(I8 JE B, AR Ak LICH IR TE S, T4 vy H vtk
R R R, A, TE MR TN ES B R
IRINF (4 AICL™), 5 LiCI J B4 B Al 3 7 4% &
Y, J/0 LICHEFLE I HERR 535 28, AT 253 vy
Py AL S5 A5 R 1 R
2.5 Li/SO,

Li/SO, Hith LA 45 SO, N IEMIE D, £ 4L
WAE y SO, R ML AR, LT R R B (6) -

J 82 A2 R LS, 0, 7 T30 HL 4T 1 7T 72 G4 R T
ORI LR, (H R & W AES PEY 5 O F 4 0 B
Plo Li,S,0, I AAFLE, 50 il 9 Li, SO ML
S, ARG ) E FE IE AR B FLIL, i/ IE

WS SNHIAR, AR G, BtAh, N TR SO T
AN, 3w SO, 7 Al 2 AN HLth F) RE 2% 52

5 L b 2 b P T P B I R B 77(3~4 K
SE)e AR, RIS ik G ok <3S SO, 4 BB Ik
NE WL, SO, kA7 0 FIH™, Xtit,
A DU I3 OK EAR e R TAR, AR = iR 7 2
IR 2 (A R R E S T N 4%, 3R THIERZE )
M2 N THFSO,MFMH R, @5 NThagth &
TR, FIHBE TS5 SO, M 2 A7 Sk
B, SHL SO, & a3k, W R M. ik
Ab, Hyun 8099 1F 7 —Fhgs B Uh il 254, 44 SO,
BIEETER A 28], AEFEY R, LRI RMN
5.3% 2T+ 211 70%

2.6 Lil,

Li/l, — ¥k s DU 25 1, B5R & W 2% 6 B TR
WETED R, R L, B RO T, R N
W=(7):

2Li + 1, = 2Lil 7)

Li/l, — Y Lt L A RS B R (2.8 V) T
HLATIH, AR B Lil 2 78 SRR T T iU PR3 2
L B A BAR E R, R 2 O kS i
PSR NGB TT AR, BRI, TR A VRS AR
TOORM A e FEL AR T D L, FRL R, 3 A 1, B 2 A )
(a0 1) 25 Gy A2 ARV il . AR, IS MY i iR
WA R IE R I B, 5 A = R O B B o
E, AN, TR LI N TSGR, BEE
BT G 3a e b ALIE, PRARA RO B AR, A
PEPDRIFH T B, bk, R T s
Fepkdr, WERAWE LG SR EE Y EUR A
B, MIMIRTHE R K B AT WP i s
AR R Z MY, ek — B iH AR
R, AN AR 25 B 401 2R IR SR FH L &% . Zhang
SRR P H 3L B-FR RS (MBCD). 58 2.4 Ptk s s il
(PVP)F1 4% T K i ¥ (ACS) = Rk i 1 & 1 5
B B 1 S RS M A SRS (LJAG) B A
PORME 9B s EAR AT RL, ) SR A S5 UYL
LRk AR A, FH) 2 UL AR S it L
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5 # A 2026 F5 15 %

Mo BEAh, S IR HE R AR I i 2 5
LR 2%, AT Lil PUAR S 41 2 4% =23 1) I i 0 LB B
I, [FIEMRAERHREZIMN. L2 & 75
L 45 2% 14 5 2 2 LA S5 3 (HPCM-NP)/E N Tt 1)
Bk, FHRIET BRI RS 0 %2 AL
G5 R R S 1 v O T A AR R, SR T A )
LA B BE IR R R

2.7 Zn/MnQ,

BEER (ZN/MNO,)— U L L 87 FH B )32 1 L
2, EEL TR (FRYE) P IS . BRI B4
P bR P e 5 P P KOH (5 23 %5 30% ) V8 VM
MR, HLAR A AR (EMD)IE IERZ®2, i, 7
W AR A R L, A BT V5 K Zn(OH), > (e 48 5%
1k 9 ZnO) L S ASHT ¥ 1) Zn(OH),:  MnO, #3485y
MnOOH, F.Af i =X (8):

Zn + 2Mn0, + 2H,0 = Zn(OH), + 2MnOOH (8)

T 11 8 4 # 7t DL RR 7 (pH=5) i) ZnCl,-NH,CI 7K
TTAE D R, DRI A F vt DL P OB 1R
NIENEEFAR, JE I MnO, 5 HEL B RN H AR
FRTRAR D VE R IEM, R AT AE R SR>, Tl
I, AR AR B s N2 A 7% Zn(NH,),Cl,, - LR
JRE L (9):

2MnO, + Zn + 2NH,CI = Zn(NH,),Cl, + 2MnOOH (9)

B R R HEAT,  FRth P R R A I S AR T
£ Mn,O, 1 Mn(OH),*. MnO, # it J& X
MnOOH, EMGE#IZIK, BEEgEHIE, SR
TAEH AR B d b, SRR AR K ZnO
BACRE S BHAS B FiEA8 . BN BEL, 52 i e
o fERRVERM A, CraxfE iR A4 ik, B
R LI E, ARG TR, 38 5 R
s NH, 7K A P2 26 1 H 38 23 0 R ef #3281 FA) BT &
ikt

N T B AR BB 3 SR E E, nT LA
IR AR AL TR (0K y-MNO B ) SO 54, 4
ST A, WA RS AR,
T I M AR, 4R RIS A i T 1) 58
#. Klob ZH IE# H1#5 \ BaTiO,(5%), i Mn*
FI7 MR Hertzberg 259 1L BaMn, ,,C, ,,0,(MDW) A
AR, 4ERFIEMRSEMEE, RBAERRA R
360 mAh/g(EMD %1°4 260 mAh/g). N 1 ] il
TrEJE M, Faegh %R e & &I, 1E
Zn B N H S H 25 N 2980 mAh/g ) Al(2%), T

Kl6(a)fin, BARAIJG, mAEBRE/N, dEihth s
2T % 550 mAh/g. TR Fth H ZnO Bk 2
S EANS R N 1%, AT LI N2 P 7
PR ZnO MR RS, A BUE . Ghavami &%)
R BLBH B ¥ 22 T 35 1 77 (CTAB) £ ini% Zn 5 OH ()
B B, AR R ST HAESS 210 ZnO ki, M
Mg s AR, HEH TR T mEE. A
ARG, A BRI

2.8 Znlo,

Zn/O, Mt LA 3 XS5, HIENRETEY)
JFRIRT 2SR O,, 5 i3k B AerE ith b it
17, ] B it 1 5 B R R AR, [ 6(b) T
JHCHRL IR B T SRR S A BOEE R 2R [Zn(OH), >, LR FE
KNS 2350 ZnO®, O, ZEMEALFIIVER T 5
H,O &4 R M AR OHY, i s S L2 (10):

2Zn + O, =2Zn0 (10)

Pt1E N Zn/O, Hijth v i F 5 & J@ AL 7], Ak
A RUEREE. BV RS, B ICVER B AL
I i = B (ORR) F AT H & B (OER) ) ™, 7 E
REBELAT, dESEENRREA —EN
AL, (H2 5 ik 2 L0k 5 % 5 80m 1
RO e, peat, BT E e E g, 2R
H1[1) CO, 5 KOH e M A i K,CO,, WHEOH, T3
Zn(OH), > [ i B2 FEAK, ik ZnO AT, Al 47
PREEAE,

RNT IR — AR RRA i T R XS e 1L
s BT AR A 28R AS [ 5 /AN D e ) 4 53
Gro Jia S5 i J5 A7 #6453 2] y-FeOOH/NS-C 44
KA kL, H ORR iP5 H i L 25 &:(740 mAh/
9) I T R A i AL 7R AT HL I . Deng 4558 i
AN 5 515 2 14475 (NiCo,0,/CoNC-NS)
WM TR SRR, WE6(c)in, Rao
GO TE T — OB RE R IR A% 5 45 A R A (S,
N-Co@CNT), iZHithIh2% Er 1A 171 mW/em?,
AN, TEBRMRL R 5] N K B BRGNS W FLE 2
P, DR LR AL, Bus AL S . K 6(d)2&
— B A FLAT SR N 2% S5 AL IE AR, L b SR T AR
=1 (1824 m*/g), EMEALL R EL, A FLKEE ZnO By AR
KR SFBR #0E 20 2 nm,  fif B3 B 4k B TR [ &
0.43 V. LA LA H I R4/ 7 5T ZnO YR TE
P, A TR N BE IR T DR %
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(@ 18 Black: 30% KOH
Blue: 30% KOH-2% ZnO

Red: 30% KOH-2% Zn0-500 ppm Al(OH)s

Cell voltage/V

100 200 300 400

Discharge capacity/(mAh/g)

(©)

1+ Melamine
'

______________________________________________

(b) 4

Co:
Anode Separator Cathode| Air
(d)
Air diffusion IHP | OHP

Hydrophobic interface

ZnO, deposition

Homogeneous distribution  Reduced nucleation barrier

E6 FE—REMRNINIBREREE: (a) BRI SR R EIER; (b) Zn/O, Bt i TIE/RIE
B BEPY; (c) ZHMBEHELR (ORR) EALTIRIEI & ER"; (d) N FLAEEERGSEEIT B4R RT AR EE
HLEE®D
Fig. 6 Reaction mechanisms and modification strategies of zinc-based primary batteries: (a) The modification
effect of electrolyte additives on the negative electrode of alkaline Zn-MnO, batteries®; (b) schematic of the
working principle and reactions in a Zn/O, battery®”; (c) schematic diagram for the preparation of an oxygen
reduction reaction (ORR) catalyst with a three-dimensional network structure®’; (d) the mechanism of how the
mesoporous graphene cathode architecture regulates the deposition behavior of discharge products®

2.9 Zn/Ag,0
B ERE ALY (Zn-Ag,O/AgO) — IR FEL I, SOFRER
BeA, FENHTEHRS, WAaHE. FHMTE
A HOAEE Y i AgO. Ag,0 Bl R &
Yo ZLiSPEY) N AQ,O I, JiCH I AR A IE AR B ik
JR A Ag, A (11):
Zn +Ag,0 + H,0 = 2Ag + Zn(OH), (11)
TEEYI N AQO B, AgO £ 59l JF A Ag,O
(1.815 V), H#if 5y Ag(1.589 V)P, 1% F
AgO, Ag,O 7t KOH H B4 T = MV iR g, it
BHEEARN, (H2, AQ,O fmifRkgs e, HIHFE
=1(£110° Q-cm),  H.HAR | 4 B 450 FH 1 3t 46 7 2 0
IS ik F BH,  BELAS BSA H AR RC JRO
Y Ag TR —J7 4 T R i i, o —J7 I
SE ST Y AR, HAS SRS 5 RN,
PRSI R R . xfik, DSR4 2 fL1E
R G5 A6 A RLE, g S50 B P IR AQO i 1 B
FIOA, FRE RUNIHAR, e BRSSO N A
s TNk Ag,0 Bk 35 78 LR, 4 J FL
GRS, P IR A =

— IR WL R AL

THAT I 2 39 K 14 v A 1 2% 5 A e 75 R DA SR 3¢
AL X PR IE B R T, AR i — kB A o mT
7o HL I R E I RN ATV U . SRR —
1 B AZ OB RAE T 50 IR IR FE TSR = I 38 T 2 A
EME . BRI, 18 1) SN Bh 5 BL R
AL R RN . H A3 5] AT AR
Pt s AR R o i DL R R S B B AR S
TRWE, S — I Y B I PR RS

3.1 LilFeS,

Li/FeS, L ith 1) 78 %t o 3t 7% 1R BE 5 BRI A
FRIEZIK (21 159%), Wi 7(a)fis. 584 AR A
FeSxM S Ja, VIfF1E42% FIARFIZRK, 551k H
Wk 5 G5B IR . Ak, ONE A TR =4 2 Bt
AR (LIPSs) ¥ fif 28 1R 38 2= 51 R M4 o i 2 A
2R

N Z B AR, AT DL I FR R FR AR T
[, AR A . wE 7)), Li
SFUNR T T — bR I I B LR VR (LHCE), £

3
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FeS, Bt R —Z & & LiIF, HR RvrLindid
) 1E W% FRL AR SR AL T I (CE ) SR B8 7R 05 i (PAN) A
WENES GERNEE ], B RCE B R 5 L 4
i N FeS, FIRFAR L, 1% it 7E 0.5 C FE¥A 700
WG R ER R EIET72.6%: WE7(C)FR, W
HLIBE 98 IR Hh 5 75 & IR FF % 83.2%, i —
T B 510 1 45 75 2 v A 45 B TR AR BA 5 i 7 T ) R
B, Liv ST T — M A B R ] (—COOH.
—CONH,. —OCH,CH,—) ¥ %l 45 FI[ K& 7(d)], 8
5 Fe* U iR I AL B4 2 CEL,  [% & FeS, S5 ikiz
ERHARI, ) 2 ALY SRR R RN, AR
Jik M 137.9%(PVDF) % 2= 58%(PAA), J& JIL H 5 k
(IS FHIE 7

BT AT, b nT Lol i AR s i W, 3R
FHS . MHAREK . st R A R
1EH% (FeS,@C NNs)™, XUk & 42 IE #% (FeS,@C/
rGO)" M & & IE % (FeS,/SeS,) "4, K] 7(e)/&—
B2 A BB B R B B A OE )k MOk (FeS,@C/
rGO@Li,P,S,,), FIH W JETGE Kk tl7E FeS,, %
fRVRFAZIK . AN 2 rGO ) % 4 i 1 4% i B i,
1 C N &R & A4 415.9 mAh/g™™. [tk 4h, &
Al L@ 7R S 50A T IE R . R 7(F)
7, Ma S50 i ik #7905 A (Fe FLiLS)
/N AR A S % . AU RE SR AR AR
771 QN 2 (Y S 19 v P % 111l I % A 0 i R SR
25 M BEIR o iZ% FEI AE BF 800 IR 5, A = AT IA
572.8 mAh/g. Xl B AL 22 05 A0 1 7 VAN A AR
i, IEREERTT HaIth K AE I A5 o AR5 28 P R
3.2 Li/CFx

Li/CF x Hth S I AT 78 B Ak 1A% O SIAE T T80
FEYILIF A s e, R A IS IR RS RE(6.1 eV)
A5 A7 B (8.9 eV), FE /i 7 E A R R
(>4.7 V), LiF A1 C Xk LB £ % CFxo

T O A RO AT, AT DAIE I AR
LiF A7 25 g R 4% S ) B . an &l 8(a) s, Fl
i B 42 8 3 E A2 0 5 %2 L CF X (FTS) 3R 1T TAR Ni i
KIZ(1.5%), Ni g KA AR LiF (18 25 66 22 %
#201eV, RHEAHENLFSCxMNEAC—F
gkt & 8(b)se —FliE i AR EAL R, SIAEE
T C—F BEMISR NG, 76 LR85 5 1 [F] B B AR B A
PE T RL I AR AE BT P, o L AE 78 L B B
Zamol | &) CsF-TSbCI N LR FR , K H 5

53 i ) CsLiF,(fif 2 € 874.85 kJ/mol, 1ikT LiF
1011.42 kJ/mol); TSbCl i it 5 F Al LiPF, & % ,
TR € W LT JE, BRI 1 LiF (s HL g BT )4
BRI T R [ 8(c)]. 1% HLIhAE 10 Alg R
600K, %55 4380 mAh/g; 20 A/g R 260
W, HWEFFFEN96%; B Hth g A i f1 38N
5~6 mg/cm?if, fEE = A1k 1987 Whikg. [6]
i, Ding 5"k g [ A i, DLLITFSI-PEO/E N
25 L 5, BR ) 3~8 nm R~ LiF it #[1K 8
(d)], IS EERRE AR T, dERE T AR
P SEEE M, R T A AR P LIF R S BN 4
FARR A B, SEPL T LifCF x FRLH B W] 380 78 0

3.3 Li/sOCl,

Li/SOCI, Haith i FL it #E H, SOCI- /1 [a) 4k 5 &
AR I A R B B (SOCI, ™, Hk, JH
P LICH & iy BR A S Ak, AR 20 i 75 B2 B v 1)
AL (>4.15 V), R FIBE, WA, A&
B CLZ % 5 S0, S KRR, A SO,Cl,Al
SCL%%, FEUEMEYIRIA 55 B .

X, A] LA I R LICI L RE 22, 4] H
P 2 RS AR A TR IR . Xu SRt T —
i iz Th e A6 0 3 A HLAE 22 (COF-NH,) i 1k, 71
[ 9(a)], # LiCl 45 ftRE 22 1 73.6 kcal/mol [ %
16.6 kcal/mol, K iz /122 /i& . Chen Z&"ILL I,
VE R TRE 70 T HEALFRI[IE O(b)], 0 HL IR £ IE A 7
[fil JE 1 SOCI, |, 2 &9, 4% SOCI- —%; 7o sl
|, 5 LiCl J B A= i ICI(FE Az 3.85 V), AT B 72
AL, Bk RN (12)~(14) B -

I, + SOCl, == SOCl, |, )
SOCI, I, + Li"+2e =1 + LiCl + SOICI (13)
21" + 2Li* + 2SOICI = 2LiCl + 21, + S + SO, (14)

ME9(c)Hran, %HMIE 2 mACm? (i HLRE T,
A EN1E8 mAh/em?®. I 9(d)F7x, fE£5 mA/cm?
HLJL T FA 50 I, A=A REIA ] 6 mAh/em?; 7
100 mA/em? (188 = L2 2, R ERFFERIR
48.43%(SOCI, 1k % 4 9.42%). Chen &9 & 4 |
BT 7 H R B RS, AR R N L2 (15)~(18):

LiAICI, + xSO, = LiAICI, xS0, (15)
2LIAICI,-xSO, - 2e = 2Li* + SO,CI, + 2AICI, + (2x-1)SO,

(16)

2S0,Cl, + S = 2SOCl, + SO, (17)

4Li* + 2SOCI, + 4AICI, + 4" = 4LIAICI, + S + SO, (18)

JE i R 70 H EURAE 1~10 mA/em?,  ff L A

(12
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622§ 197V V=193% 20N
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! b Li,S O Fe Nucleation theory r.= %‘ﬁ/li"

E7 LilFeS, Mt R FEFE B R U MEALER: (a) LilFeS, Bt FE M FEHIIE"; (b) F|F LHCE LAK & CNTs #1 PAN/G &5 &
U = 4Es8 FRI4K 72 FeS, R EHEE CEIY; (c) A LHCE 71 PAN/G B & IRV BLEE N BER IS AL (d) RAABEAEE
BEHIRThEE MR ETIEIETE S BHRH (MS) RE"Y; (e) MIE T-HE T WS EMBELEMHNAKRE SR, (f) Bod
HEEFE S AEBZNE A E S 5 FeS, B =~ iz r = E"

Fig. 7 Reaction pathways, charge-discharge profiles, and modification mechanisms of Li/FeS, batteries:

(a) The charge-discharge mechanism of a Li/FeS, battery“"; (b) construction of a cathode-electrolyte interphase
(CEIl) on the FeS, surface using a localized high-concentration electrolyte (LHCE) and a three-dimensional
electron-conducting network with CNTs and a PAN/G binder®”; (c) cycle-life performance of pouch cells with an
LHCE and a PAN/G binder; (d) regulating the interface of transition metal sulfides (MSx) using a functional
binder with chelating functional groups®”; (e) fabrication of a nanocomposite with an ion-electron dual-

conductive network structure!"”;

(f) mechanism of homogeneous phase nucleation induced by pulsed

discharge, and a schematic of the nucleation of FeS, discharge products post-induction!*

B LIAICI,-xSO, 7E 4.05 V 1L 2 43 i [ 9(e)],
% 1 CLI AR, SEBL T SOCI, m Rk i 1) nl i
(EZ

3.4 Zn/MnQO,

Zn/MnO, HLitb /£ 78 i L I B, Zn® () R N TG
AT AR R R AT AR RS, REEEEPHE. K
R, ST, RAERIRRPL, HFEE
PEPIIR , i 15 A MnO, IR R A 2 — AN B K
Philo HbAh, BRSO A S AR R SR Tl 46 ()

W RAAST 7 SEBR R M,
ARSI MNO, L F AR, Xiao 25 X AN
fn 8 MnO, i AL 22 M e B AT IR, 7F 0.2 mA/em?
T, B-MnO, Lt %5 & 1] 75 616 mAh/g, y-MnO, N
597 mAh/g, T1fi €-MnO,{X ~ 217 mAh/g. 4 It 7]
DU S B A e i e R, QA S DU R R
F=W) H €-MnO,(25°C ) 7% 4% S y-MnO,(75°C). N T
Wsm e AR e v, T DOl I oA LA N ) ek
(BaO 1, MgO)™, T H I & V) 6L 7 (PPy) " 4% .
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El8 Li/CFxHE A MEAIIE R IR : (a) RIRMEWTIRITNEEEAR (FTS/NI) H#&75 RAK LiF (O ALALHEI"; (b) Bz

C—F MM ST AT B L FERE"; (c) RAE Cs"HMH TSbCI A B iR EF E R e HFEM;

(d) BRI TEM3&

REESHMMEIESETRENLEY (CFx) SEHETF (K/Na/Li) B & R LHIM
Fig. 8 Modification mechanisms and strategies for Li/CFx batteries: (a) Schematic of the preparation of a
functional thin film with a nickel catalyst (FTS/Ni) and the conversion mechanism of LiF"*; (b) schematic
illustration of achieving a reversible electrochemical reaction by regulating the properties of C—F bonds™";
(c) improving interfacial reaction kinetics using a TSbCl-based electrolyte with a Cs* additive™"; (d) in-situ TEM
revealing the reaction mechanism between fluorocarbons (CFx) and anions (K/Na/Li) during the discharge

process of an all-solid-state battery
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Fig. 9 Modification strategies and charge-discharge profiles of Li/fSOCI, batteries: (a) Amine-functionalized
covalent organic framework (COF-NO,) as an organic catalyst for the catalytic oxidation of CI to Cl, on the
cathode surface*; |, as a bifunctional molecular catalyst in Li/SOCI, batteries (b) the catalytic cycling
mechanism during the charging and discharging process'?; (c) the first cycle charge-discharge curve;
(d) cycling performance; (e) galvanostatic charging voltage profile of a Li/fSOCI, battery and the corresponding
dominant electrochemical reactions and product evolution at different voltage plateaus™*; (f) mechanism of the
charge-discharge reaction pathways mediated by Cl, and LiAICIl,-xSO,
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Fig. 10 Charge-discharge profiles, reaction pathways, and modification mechanisms of Zn/MnO, batteries:
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