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/Ny MNTTT A A48 BT 25 BB o* I BE R AR A
T IEARA B B BE D e FEAR, AT AT LA i Fe it
RSN, W 3R, B T USRI,
FL AR A ) 1) F T &5 ) T B R Ol SR B Y 4
(Band structures). DOS &|(Density of states, DOS)+
HLAR 20 AT R I AR S L . PR, R
TS LA

1.3 EhFEEA

I 28 NFR S I A BERIE T A 22 S v,
FIEIRADS, ANH R A0 R (A R & . AR
MR A 72 S 500 58 7 %M R H AR Ha o7 A EE
WA, S TLE WA AR A R T BOE R P
SERSMA L 5 T DAPUE TR O R R . Sk
F S T FROVE SR, F—Fh B FAEAN R R4
P« AN TR RS 7E [R]—Fofr [ s s A A 2 v (132 A8 7 5 (
AT AR, B, TR PR 4 b (88 1
I8 SRR T AR AT R A i B R
%X[éﬂ 3
13.1 EFy iR

BT S TP A 32 3R] 43 SR O AN 2 W e A
JEWR o S T g i FE il — R AIAEAS [F B[]
RN Y 3 RO 8 s P A ) WS T
T8 1R R A AR AR R B i) R RE AN R R RS I,
TOW B i 1 P TR B AR K2 B T R sl RE 1
FLRRCS, KRR R S5 mT LRI X SR ATST . T
FL AT S S AR RN, o 350/ R 2 (L S S g A
PL R TER ~ FRAE IS5 AN B 20 ) 0 B e A 1R KR

me, ATRAM] X SRRSO s M R LR O6 i A5 R
ik, BUA W RSB AR I (e,

HARARE P B - B R R AR BRI, i
s e ERRL, BEEFEE T amkT “HApl
H7 Y, WA AR . R
b, B ECR BT UL A B R ok
Fon, RGBT o R R WM S . BT e
AT REH B R S, A B — A R AR S ML)
PR DR, RE TR SOEEE . I ECREGEROR,  H AR
e R N0 N A ST v B S DR S E s
0, PR A BCR B 2 BT T R AR BN T A RE
BT B H AT R R E HI IR ERCR E BOR
(Galvanostatic intermittent titration technique, GITT).
1H H A7 8] BRI € £ R (Potentiostatic  intermittent
PITT) . H 1k % [H $t ¥
(Electrochemical impedance spectroscopy, EIS). i
R 2275 (Cyclic voltammetry, CV)ZEH AN & AR
ORHRE T BUR HL
132 BRIy #ETgRe

T AE i AR SR R T OsR T B aR Se g
ARG, IEFTCARI RS — 1R R F . 7>73h 2y
B S HR T H 75, BRI — e R Lot
TSR RIE 7 RE B TR 6k, 15
B R TIVE SV N SR EIE .| SUK N
o T 5 — M P () S Bl 3 7Y (Nudged  elastic
band, NEB)J7 2 Al fg i3k (1) € 3% 5 £ 7 (Climbing
image nudged elastic band, CI-NEB) /5 1% A& ¢ F ok
B 71 Bt ittRRNHLK TR, 27
Bl )7 A A AR Gt v B A A AT DA SR A AE K
PP NP B TR R BB TR E B, @l ik
(R RTRLALAR ., T BB M SRRt o B L 7

11 I A RO BRAT o 5% R R AR R 2R
PRI R EES I —, SRR A
A RS AE LS A AR N R TR EE A % T34
JIFRB) AR ARG, HIEASHE T
R ES (I LIE STV

D=pA’Tl (14)

titration technique,

A p U T, Bk T IR R 51
XK A AT AL S (B R 2. T
BhkST, HFRLHHT
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WK AL S HE B T RO TF B B o) LA R4S SEL B LiNigs,Mn, s, Cray Oy AL H b 1 it 2K RS 5 H
FAB R o) KR BRI RS

A SRR R B 0)s AR BT R WL B . it
BT BB T AR AR ) B HERE RS B TR AR PO A O (tet)— ) THI A

ML oct—tet (F1)K oct—tet—oct, EPUETFasE (AL 25(E,), it = FeA (0 EUR T 1 (E) HEN AL S(E), ol
XA (£2)

Fig. 3 Schematic open-circuit energy diagram of an aqueous electrolyte(a); Fermi energy level and electron state density of
LiNips,Mn; 5,Cr,,04 oxide electrode with stable SEI ﬁlm[64](b); Schematic diagram of energy adaptation state of water

electrolyte battery system®(c); Two common bonding types in electrode materials: Covalent bond to ionic bond*?(d);

Common characterization techniques used in battery technology(e); Ion migration paths with low activation energy in densely
packed oxides: (f1) Tetrahedral center (tet)—Octahedral central position (oct)—tet; (f2)oct—tet—oct. It starts at a stable

insertion site (i.e. E,), then enters intermediate site (E;) through the oxygen plane of tricoordination (E,), lastly, goes through
symmetric path'®”!
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I =v" exp[(-AE /(kT)] (15)

X VRIRSIE T AE I BH L. Bk, 7F
AR RN AL S (LR B T o)), LiTi s
T WARLPE Li W ERATT AR 2 RiEE A 2
ARSI FXT Li PR EE s e m . BTy
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AR 2 5 Y B R B B K81k . CEDER R
AR NEB BT EHHE T R FEB (LT
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FePOy, 2R NiO, FIEAS #f R 6-V,0s 5849 H 19 Hk
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FH UG FC 1 e N AL SR 45 ) & 7 IE RS Sl R 1 = 2L A
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xS HRRT

6 Hy kT ke kT
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BREREE B9 vo NBRERAR; T NIRE; £F Hy N
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2 BERMRHEEFE
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F FL PR P AT A 222 i K I R A R e 4 5 ) Lt
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RAESE It PRIk, HARMEME S IR L, &
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SRR A RO AR S A e 1 A AR S
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R A AR, DASRAG EAT FAL A P B F AR A
Blo B0 R AR R Bk, BF 70 18 F A
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HE%H KT MEREEEBh EIRE .
A AN 455 I 1 55 DY AN 5 T EAT O 4 LR
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2.1 {RIEGEMERE

2 R B AR b ) v [ Sk B (IR B T R
BRI, 53R OBz A T3 I 31 LA ek
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JZE 51N B 7 AT DUA RO AR ) 4 R e
PETOTT, A AR [F S T 45 445 1] e AR B AR A
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BHRE T 5T filn, ERHRISE R TSN
(P FE TS A (A, %) 2 3R T AR R TAE FL R
(% FH 5
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(RSB S (W 4(a)), (RIS 8 — P SR 5
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B B IERA R 2 — . H Zn®™" 5 4R FR 2 7]
AomFIME B BN, SBUNS) ¥l %
8. FANG 252558 78 Ko sMnsO,6(KMO) T 5] N4,
SO, HAEGE T AR FAL AR OO
K 4(b)). BT R IEIEIE(PL). X SHERE T RE
TEXPS)AITIA X 5 S WSO 40 45 14 (NEXAFS) &5
FARKAE T KMO WAA7E 8 KA, WK
4(c)~(e)FTr . FBRBEAMIAFIE R RIS 7 KMO [
THRE, ST DU AT R B YR, A
B T LSRR

UM R A 8 e b B 32 R A R AR AR
BT V R ABAT. WAN 25U b 45 55
1] P—O BEHUR T 45 &R V—0 BEm T



3242

T EA O8RS

2021411 A

K-O bonds stabilizing Mn polyhedrons
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20 IV Onduion] @) oveerraon 000) ] O ey e —
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> > 1.8 ;
1.5 g)n N —" 2nd charge VER
& — 21 mol/L LiTFSI+ S1L5; — i 2 éoa—a)—m
3512 1 mol/L Zn(Tr), S / g ) S
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0 150 300 450 600 S0 30 90 120 150  Density of states N(E) Density of states N(E)

Capacity/(mA-h-g™")

Capacity/(mA-h-g™")

B 4 MnO, 5 Ko,sMnO, 45752 E % @); KosMngOys ZH7R P (b); KosMngOys 5 MnO, 15 PL &5 (c);
KosMngOy 9 O 1s i XPS K#EP(d); KosMngOi6 [ Mn L i NEXAFS K5 (e); VOPO, £EA[F] B AR A& % T i)
FERCA LR (6): VOPO, 78 i £k Hh 1 5204 J5 S B i X 1S (g); - VOPO, (7% FE™(h)

Fig. 4 Structural representation of MnO, and K0.25Mn02[80](a); Structural representation of &.8Mn8016[52](b); PL spectra of
MnO, and Ko_gMn8016[52](C); O 1s high-resolution XPS spectra of Ko_gMn8016[52](d); Mn L-edge NEXAFS spectra of

KosMngO;6°2(e); Charge-discharge curves of VOPO, in different electrolytes™'(f); Voltage range of oxygen redox reaction in

charge-discharge curves™® (g); Schematic diagram of energy versus density of states in VOPO,™'! (h)

VOPO,, N MIETE, 76 0.8~2.1 V(vs. Zn*'/Zn)
(1) U DX [] A S B T RFI SR R AR iR, P38 78 i
HHEFEE R T4 1.56 V(2 NESZRELE EH
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SEMRE B VN0, B b [ & A4 T BB (V)
FEA B (NI AR RSB, 24 Zn™ RN v
ERE VRS N AR N X P T AN
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S B EPERET ERIRGE I V,05 BB
wim, HEWARE, MRS BN E,
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Bl5 AFEETE T TEM B (), @), (a)—(as), (') ~(a’5): BB R 2 B b); BN-CNFs [¥) SEM Elf& (c);
BN-CNFs [f) TEM EIZPY(d):  FATGUKBERIEAR R ER )

Fig. 5 TEM images at different times((a), (a"), (a;)—(as), (a’;)—(a’s)); Schematic diagram of oxygen vacancy formation"}(b);
SEM images of BN-CNFs(c); TEM images of BN-CNFs”'(d); SEM images of Ni cathode with morphology of

nanospheres'?(e)
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T E . IRZ AR, SRk aAE R LFP
WO HHEIR A E(170 mA-h/g), FEiL 200
mAhg, ZRERRFEWAFR THOEZMHE. b
TKSE B B AR 7 R L, B AR LFP R 1
BT C—O—Fe WML EEAIEN, SEERMM
FeOq \THAA R POs fLlifk, Z &1 O WAL
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Fig. 6 FTIR spectra and Raman spectra of Sb,S;”*((a), (b)); Simplified mechanism of interface®"(c); Comparison of
capacities of LFP with different carbon coating particle sizes”™(d); Schematic diagram of in-situ SEI film formation on

Ca,MnO, cathode!'"(e); Structure diagram of artificial SEI membrane!*(f)
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RABTFT, T Btk g e g 2 — 11007101,

AR, BFFTN A SRS B R/ AR S T i — 40
AN/ HEL A VR A THT (Anode/electrode interface, AEI)F
1E %/ B M W 9 T (Cathode/electrode interface, CEI).
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Electrochemical basis and regulation of
electrode materials for secondary batteries

CHEN Yue', TAN Xiao-ping', FANG Guo-zhao"*, LIANG Shu-quan"*

(1. School of Materials Science and Engineering, Central South University, Changsha 410083, China;

2. Key Laboratory of Electronic Packaging and Advanced Functional Materials of Hunan Province,
Central South University, Changsha 410083, China)

Abstract:

The issue of energy and environmental security is one of the biggest challenges facing mankind in the

21st century. Since renewable energy is mostly geographically limited and intermittent, it is of great importance to

find suitable energy storage systems. The electrode materials play an important role in improving the performance

of secondary battery. Although there are many choices of secondary batteries and numerous kinds of electrode

materials, the problems faced by secondary battery systems in the development process are always similar, such as

collapse of electrode material structure, unstable interface, etc. This review summarized the development history of

secondary batteries. The relationship between structure and performance from basis of thermodynamics and

kinetics, the design principle of electrode materials and the optimization strategies were also summarized. Finally,

aiming at the existence of advantage of optimization strategies and the technical barriers were discussed, which

was hoped to open a new avenue for future secondary batteries.

Key words: secondary batteries; electrode materials; energy storage mechanism; electrochemistry; structural

design
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