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Abstract

Energy storage technology has always focused on improvements in energy density, power density,
longevity, safety and cost. The expanding market for electronic devices in recent years, including
electric cars and portable electronics, has led to the gradual development of batteries in the direc-
tion of higher energy density. Although lithium-ion batteries are already widely used in applica-
tions such as power tools, electronic communications devices and even electric cars, their energy
density is approaching its theoretical limit, allowing them to drive only about 300 km in an elec-
tric car or power a fully functional smartphone for less than a day. Lithium-sulfur batteries due to
its high theoretical capacity (1675 mAh g-1) and abundant sulfur reserves and has received the
widespread attention. However, the high power output of Sg and Li,S is limited by the low utiliza-
tion of active materials and the rapid decline of battery capacity due to the poor conductivity of Sg
and Li;S, the huge volume expansion (80%) during the cycle, and the shuttle effect caused by the
dissolution of polysulfides. Worse still, the heterogeneous redox reaction during charge and dis-
charge is usually accompanied by sluggish reaction kinetics, which leads to the unsatisfactory rate
performance of the battery. Considering these hindering factors, in addition to the introduction of
an intermediate layer or the design of a proper separator to trap and confine lithium ions, finding
a suitable anode main material is also an effective way to improve the electrochemical perfor-
mance of lithium-sulfur batteries. Specifically, the use of polar materials as efficient polysulfide
medium to accelerate the reaction of polysulfide lithium has become a research hotspot in recent
years. Some researchers have found that the introduction of electrocatalysts in sulfur cathode
materials can accelerate the sulfur redox process and inhibit the shuttle of polylithium sulfide.
This review summarizes in detail the latest progress of metal catalysts materials for accelerating
sulfur reduction reactions, including metal monatomic materials, metal nanomaterials, metal
compound materials, and points out the direction for further optimization of the electrochemical
performance of Li-sulfur batteries.
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T
L BT GE  BE 2% LA B JXUBE TR BH 6 P SIS n 17 5 i 1k e At e R GL i 7 3R [1] [2] [3] [41- Ewb, FH

BB 7 H it SR LiC0oO, BX LiFePO, fE N IEM, fit 5 % BE AR #4 (200~300 Wh kg ™) I ALAZ/E % A f g,
T REAS 7 R K R S bR S [5] [6] [7]. BRI, JFRBA mRe B BN 2 Vel FE i
WA Rz 2, H, B AR 2 — &6 I (LSB), & 7R M i L vl 7 TH A R K7
77[8] [9] [10]. H&F-Hi i SR i Ab B i 5 b OB P2 4E 1 1675 mAh g R B IR A B, X— A B S & T

ARIERAEL, U0 LiCoO, Al LiFePO,, HZFEAKT 200 mAh g t. 76 TAFHEZIN 2.2 V {1 Bk 24 i frp i
RN, A b ) b BB 5 AT A 2600 Wh kg %@iﬂ%ﬁ%ﬁﬁ@méﬂﬁ: S FERLE T AR AR it
(S BR B 5% 1 1T LUK B 500~600 Wh kg [11]. B4t BRIEEAGRIEFEE . 4. RIS, HR
TR AGRE 3 PT P AR R R 1 R SR AN
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SRR F LA B ORI B B 1 Ft 98 7, (R AT AR T I TLAS OB i) B [12] [13] [14]. F %
v R T8 PR A R R SR S L [ e A B0 ) 2 2848, X FR AR IR L 238 0 16 AN HL I B 2R i 3 R 3
B Bk R RS R — RAVEARE AR, B EAGRIL S5 9 % B (el 4d, SR 5 FE 5 N e & A
PE LipSILiS =¥ . 30715 IR 2 2 BUSCRE R R BRANRE 78 70 0L S, AT BRAIS 17 4L F b Py Bl 25 B R £ 22
PEfE. A — M HEERE 2L AA(LioS,, 3 < x < 8)7E IEAR M B ARV 2 W] AOVA R AN 8. B S EE I i1k
SN AE AR T R ML R ) 2 AL . B TR FIR FE AR FE IR/E . KB LipSe(6 < x < 8) LA
TEHERRIE TR BN b, AR AR Bl S8 I SR R B LioSe(2 < x < 6) AT LipSo/LipS. IX R
ORI E G 23 e S AN RIS 1) RIS PERY LioSo/LioS J2 VA S E il i dlidk, 2) fasE 2 b
TERL AR B R o IX AT BE Z B mT DAY R B, SRS 5K 2 B B R B o X IS AR T A
T AR RN, T B HLth Y 75 B DR R D AN 2O BAOR BRI o b, A I AR A T I 70 Bk
L 7 D R SR SR S R d ARG . BT AR SRIR I R UR B AR A BRE S R B, B 4 S A R O PR A
TR, KA EFEAEIX H[15] [16] [17] [18].

— MR, BT ERIE R R N B ) 5 g% 2 S SR A A 2 TR 2 AL B AR . eI R L
TR, RN RO RIX Sk A T EUORRSS 75 [19] [20] [21] [22]. Nazar 55 A fTFQIVERT 7T 9k
T IEAR [ BRI 78 10 WA [23] o ZERR AR b 51 A FLBR(CMK-3)VE 1 AL, A8 R IR 7 B 14 5,
HHE T 500 0 s R SRS At T I IE X R R ARUE TR R R RLRE 7R A HEAT, B TR AR
MIABET S, B m LR R & s PERE LSB fITE 2[24] [25] [26]. AR T HLAR T Fh AR B IR 42
AN RT3 G bt T B B R AR B, 2 AR 2 AT IR S E TEAR X SRR SR, DRI 249 SRR I
B MRS b fift e S A TR 2 N7 11 3 s 1 A 2 AR AR

DRI, s e ade J5 I I PR A4 30 1 A3 D A& S IR TEAR 7840 R FH 0 — /N B I SR & o (LR
BHREIE R EAR I AT 6 8, PRARBR IERR ) IR N RE 22, 78 G BRI S5 S B 3l g 2 7 THD 27 HR AR K R AL 34
[27] [28]. DAL, ARk RGiHbEL, | &R MR BT SRNE, it — P s B B b I AL A 1 R 4R
T 7.

2. ERBIRFEWLF

I R R b R SN AR RE SR TT DA m B R 6, (RGBS RO B SI N T 2L T e
HIFEAR. DL, BT (SAVEN IR T8 73 i e g I 7, T A KPR S 0 Ji 3 R I 3 1 46 32 SR
Bt LSB MIIEMRTI &, PR 15 8 o I AR BT 1 B9 AT BARRAIRE] 1006 LA T o BbAh, AR BC AL R 5 A0
BRI O 2 R AR A5 R B AR AR AL T T L AT IR BRSSO R B i RE, IR E A TE
B HAD T (1 N AT O)ELAL LR FRES MRS EME . 5 IE BRI RIK S5 48 RS, % 50514 1 76 5 b
B i b mT DA 2O AR ) S S R RE[29] o 3R 1 AAES T B2 1 LSB LK 2 14 Rl 1) &% b 2 - fRE AL 771

21 EBBEF Fe

SR T Fe 2 BUE RIS A L AEALBR AR (0 S A0 I S B L el 2 13E [48] [49] [50]. # iz
PREE(DFT) SR W], B A7 s T LR IR 2 B A e 42, ANTITHR TH LIt A A 2 PR RE[40] . BE4t,
BRI AL TS PEAR R E IR TR IR ST . M-Ny (M 484 @) I DU C A7 45 44 HL A 8 i) s R e
Fe B JrUSe L F REAEA  SRUE SRR, (HLER I 1 DU P A A B T e A e R I B EE A AL T
171 425 1) E A7 P 58 P 0E — AP 4 i A B AL IS . Billn, 5 Fe-N,-C AHEE, Fe-Ns-C HIEEZ [ N BLhL
o BRI SR 0 2 ALY KT RE 71[28] . #EES T /E Fe-Ns-C RITIERZ AE L2 WAL T Fe-N,-C, XX
WRE T N BCECAL g, BT R DA s B T IR AL 2 A, Fe-Ny FU A AS 2 thAERS y LSB
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PR A AN R R A A [35] o B, T Fe-Ng AHEL, Fe-Np FRAr oK) Fe HA T @) d 4y ity (eq) (K 1) TR
) &g FEUSBEPUERERI N, AT 55X 22 B (K28 A S ML e AR [29]

a C
FeN,
=092 eV J\M L

s Vi ¥

2

2

o

§ FeN,

3 | =074ev

@

: i |

a

8 6 4 2 0 2 LioSe-FeN,
Energy (eV) E_4=-1.352 eV

b d o€
0,5

s \

o 1

2| Li,Se-FeN, i

o 1

2 :

2| LiScFeN, |

a

5 4 3 2 40 1 2 3 Li;Sg-FeN,
Energy (eV) E 4=-1.794 eV

Figure 1. Optimization model of (a) (b) state density (c) (d) before and after
adsorption of Li,Sg by FeN, and FeN, [45]

[ 1. FeN, 1 FeN, IR M Li,Se BIEHI(2) (b) BSEBE(C) (d) HiER[45]

22. ERERFEF Co

H&RBRT Fe —#, RHIAT Co BT LSB Hr LI sR i 24k . Co-N, fr s 8515
BT YERR B AR, ARG TR AOR S A RIS, Co-Ny A7 mb iR 1 A2 84k, A
RO T 2R R NSRRI Fe AL, &g H R T Co IIRCA E 2 AT TERIOGHE . Co-Ny
FE A L HLARRE (4, T DL SEBR IE AR IO HEAL LR . TP Co-N, 1, ) H I Co (e A i sk
Do FEAT AR, d o BB, ART Co-N, MEmAN MM EAR AR, A Z0m
PRR AL IR [31]0 U4, AT DL H n f 8 5 S~ (A TR B 5 B M e R S 22 PRV IR A s DABRAS A
RACHIEAL T -

23. Hh&BERT

K 148 55 Fe Al Co, HAth<e 8 R A7 a5l T LSB, 5140 Ni [42] [51] Zn [43] [52]
[53]. Mo [34]. V[35]. W [36]H1 Ru [37]. 45#410 N AR, &8 557 Ni BAG MU EAL 225
Pho Blhn, Ni-Ng 259t 84 Ni 7 SUE I TR S,2 —Ni-N 8] 38 Ak Z Bk e Ab[51]. ok, T
EA AU RR G B T2 A1, AT Ni-Ng 2516 J2 40 2 BRAL AL i fe i & . 25 T DFT 3145, Ni-Ns/C
BA B AR MIBE R RLB) /7% R 22 AU (B S e B R . R T AT, IR R T A R A
BRI Z B d-p BB 244k AT DU ARBR R ke S LSB B 5 AL 1 8t [54] . AR 7 5 50
PEL TR (40 T)FRILH D (I 7 S B A NG 20 d-p BUE 244k, TT DASE NS R A5 K 45 & PR AR AL
RN (1) e

DOI: 10.12677/jocr.2023.114030 317 HHL A5


https://doi.org/10.12677/jocr.2023.114030

Bk, R

Table 1. Metallic monatom catalysts improve the performance of lithium Sulfur batteries
=1 &RBFEFELTRAEREEEE

AL EBE%  ETE/mgem? fER/C MENER WA RI/MANGT  RIRFEMANGY B

HR T Fe - 2.3 0.2 200 1255 1129 [30]
2.0 1000 915 624

HLUR T Fe 52 1.0 1.0 1000 905 477 [31]

LR Fe 70 15 0.2 200 1242 999 [32]
1.0 500 951 800

BET Fe 59 1.0 0.2 100 1124 920 [33]
1.0 500 907 662

BT Fe 56 1.3~15 0.2 100 1227 1104 [34]
2.0 2000 795 620

BET Fe 60 15 0.2 100 1397 1176 [35]
1.0 500 899 800

HJE T Co 68 2.0 1.0 500 927 681 [36]

HJFF Co 56 1.0 0.5 700 871 571 [37]

HBJET Co 54 - 0.1 150 1417 1182 [38]
1.0 500 1113 1003

HLEF Co - 3.5 0.2 600 1000 500 [39]

HJET Co 56 1.2 1.0 1000 1038 675 [40]
4.9 0.2 120 1062 871

HLFF Co - 2.8 0.5 200 850 682 [41]
1.0 1.0 500 950 700

5 F Ni - 1.3~1.6 0.5 500 1086 798 [42]

HURF Zn - 1.0 0.2 100 1230 1079 [43]
1.0 800 932 680

FJET Mo 65 2.0 1.0 200 912 900 [44]
2.0 550 831 817

HFEF vV 68 2.0 0.2 100 1200 770 [45]
0.5 400 780 551

BEF W 75 11 1.0 500 1063 691 [46]

T Ru 64 1.2 0.2 100 1200 992 [47]
1.0 800 800 500

3. SRR

GBI I N AR IR S AL TR T, IR R T s 2 A AL & B R TR &R Pt
[55]. HMZ )G, HAbSi&@eidiE4aE, Wiir [56]. Co [57]F1 Fe [58], #F#%IF  AEMS A R B3 i
tho 2 BT ARFIF G B GRS LSB 1 RE I B3
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3.1. €& Co

Co /& #lh RV AL T T T R 2 < S, TAE S S S8 [ 220 I BN A, BANEAR T W] B TE:
KL AL L. JHH, Co 5 N 45 GBI e R il LIS VECL S SR, 1858 5 2Rt
BRI SR, TS AL 2R RE . AT DB IR R A R BR 25 2 RHSS S A HT, h RDIn s At
BIE L. @A PHESL(MOF) 2% Co, N SIRAUKRES KL RATYR{A. Fang S5 AHIH Co-MOF
% 7 Co, NBIRMIBRIEE AR 2) [71]. Co A1 N 2% -7 [ R A R85 1 5 2 Bt (KA
PER, R 1 S Bid =R,

Pyridinic N

Co@graphene Co@graphitic N Co@pyridinic N

Figure 2. Differential charge density diagram of Li,S, adsorbed on different substrates [90]
2. Li,S, WMIEAR R L E SR ZEERE[71]

BEAh, IR AT UM A S AR SE T2 AR - RIS, M9 EAGTRE FTI ELAT e 2 i
WA LA P RS o SR SEs - PR R 0N & T BUR T 45 4 F T AL 1) L R Fapir 3 0 A1, AT 5
i Egs G, SR i R, R B BN (1 BE 22 [61] -

3.2. Rt &RARMELH

Fe & 57 — R AT i 5 AL R IE SRR B 42 8 - Ye 25 AFRIE T —Fh AT £'5 Fe A N A7 S 10 s B A1
BB, P T AL LSB R R R B[59]. Fe fI5I NEHE T A0 S8 AL BRE IR R, I N BRIE R %
LA AT AT, 358 LioS MY Ru B IE ST2 — P ROR AL 7], mTRANE LiS, 1 LiS M kit
2o 1M HRSF/NF 3 nm ) Ru 9K T A\ 2 5L 25 O MR BRI 1T PR AR 1E B (0 i s BHL[56]. fEZ 4L N
BRI KR IR B AE Bi 9K BN £ 58 B R A R e EHE, L2858, BT Zmamn
AL E[64].

33. gkEE

B IR R ARG Bl G SR A A AR A, B — B IG BRI IS . CoFe & &0 AL IS LS|
TR . WL, CoFe & &gKhi 1 nT U B8 5 W hdorH B A FH AL 2= R H 2 5, e
VI A AR JEOE AR, 3R A PRE f T R i 40 LASRAT R AT 10 A5 2 RE[67] . B& T CoFe &4, CoSn [72].
FeNi [68]. ZnPd [69]4 & Fl & & [7T01 B # R FH T LSB H LMEALBR I FE 4k . 171 T IR 284 4 7 2 B Bk
FEJRAE A SCHER B ASRAT 1Y 5 (00 (i AL AR
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Table 2. Metallic nanocatalysts improve the performance of lithium sulfur batteries

2. ERPREAFIRIER

I RE

HEALF
Co H#%

Co gk itkL

Co YR MikL
Co #K ik

Co gk tki

Fe 4Kk

Bi 4K L

Ag GKIRL

CoFe 54

CoFe &4

CoFe 54

NiFe &4

ZnPd &4
A4

&

W% WEE/mgem? HR/IC JEXES YIihEE/mAhg™?

61

60
60

70

64

56

53

53

70

73

60
80

1.8

20

15
1.0

1.0

1.2~1.6

13

1.0

1.0

1.0

4.1

1.2
1.0~2.0

0.1
1.0
0.2
3.0
1.0
0.2
1.0
0.2
1.0
0.5
2.0
0.5
1.0
0.5
2.0
0.1
1.0
0.2
5.0
0.2
1.0
0.2
1.0
1.0
2.0

100
500
200
500
500
100
500
100
1000
300
500
100
500
200
550
100
300
100
300
100
1000
200
800
500
500

1380
912
1093
627
909
1172
1100
1393
1261
1050
750
1157
1010
1294 (0.1C)
918
1226
890
1300
1034
1264
914
1000
950
916
816

FlRARIMAN G S0k

1150
780
986
508
657
980
660

1035
625
827
526
970
811
849
652

1158
770

1170
870
986
457
800
600
627
680

[13]

[60]

[61]
[62]

[63]

[59]

[64]

[65]

[66]

[67]

[16]

[68]

[69]
[70]

4. ERILEDREILT

LEHIE T u R AR S TR FEER R, YNTE LSB i & Rk & W1E i A is
J5 S RE R PR AR LA R B (1] 3) [73] [74]. tRMES A AN O JiF EE /I BT, XFRHEEHA
5 2wz MG B m 4G 6E[75] [76]. &@mmik[77] [78]. & @flik[79] [80]. & /@&t
i[81] [82]. & @M LA[83] [84]. FN&:J@mib[85] [86] 7T LA R itk Z Bk Witk it 2. &)@l

WV B EBUN, AT LSB R FHE S 1

[SIE="r4

Ae B i

JZ[87] [88]. HIPIELZ & JE i & AL L 7 45

HA TR A AEAAERI[89] [90]. BEAh, MEATRIf BT S5 M AN T 1R 0t < R AL S AL i PE A IR K
SEMA[91] [92]. AR IBRIE[93] [94] FOMESI[95] [96] TUE B A4[97] [98] 5 etk SHems AL m] LA/
52 1 E AL 2 BRI PR R, IR RESRE S AL BTS2, AT SEBI 22 R ) PR 1K [99]
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1A 0
1H 2He
Preqih fa |Atomic Number— 16 S ——Element mA VA VA VA via | sses
10 3.40E-4 —Proportion of Earths’ Crust
0.04-0.15 ——Price Range Within 5 Year (USD Ib™)
sLi | 4Be sB sC 7N s 0 sF | 10Ne
1.80E-5 | 2.00E-6 9.00E-6 | 1.80E-3 | 1.90E-5 | 4.556-1| 5.4454 | 3E-9
10 Transition metal elements non-metallic elements 0.2-1.5
11 Na | 12Mg 13A1 | 14Si | 5P| %S | 17Cl | 18Ar
227e-2 | 276e-2 | WB e ve vie vie L Ie OB |go0e-2 | 27261 | 1.126-3 | 3.40E-4 | 1.2684 | 1.5E6
100-300 | 1-1.5 0.6-1.3 | 0.5-2.0 0.04-0.15| 0.5-2.0
19K |20Ca|21Sc | 22Ti | 23V | 24Cr |2sMn | 2s Fe | 27Co | 2eNi |29 Cu|30Zn |31Ga |32Ge |33 As|34Se | 3sBr | ssKr
18462 | 4.666-2 | 2.505-5 | 6.326-3 | 1.36E4 | 1.2264 | 1.06E-3 | €.2e-2 | 2.90E-5 | 9.90E-5 | 6.80E-5 | 7.60E-5 | 1.90E-5 | 1.50E-6 | 1.208-¢ | 5.00E-8 | 2566 | 1.56-10
24 916 | 0.7-1.4 | 1.5-35 |0.1-0.25 | 1024 | 5813 | 245 | 07-1.2 0.5-1.0 | 15-25 12
37Rb | 288Sr| 39Y | 402Zr | s1Nb |42Mo | 43 Tc | 44Ru | ssRh | 4sPd | 47 Ag |4eCd | 23ln | 50Sn | 518b | 52Te | s3l | s4Xe
7.886-5 | 3.84E-4 | 3.10E-5 | 1.62E4 | 2.00E-5 | 1.20E6 1.0E-10 | 1.0E-10 | 1.50E-8 | 8.00E-8 | 1.60E-7 | 2.40E-7 | 2.10E-6 | 2.008-7 | 1.00E-8 | 4.608-7 | 2E-11
15-25 | 5-19 1.2K-6K 180720 | 0.5-25 | 5Kk-18K | 6-15 3.7 | 50-200 | 10-20

Figure 3. Price and abundance of elements associated with lithium battery catalysts [28]

E 3. SRt ENTIE XA T RNNIE R FE[28]

41. EBREHLY

SARPERRAR LG, A e A 5 2R SR AL A AR A A S AL . BT R

Table 3. Metallic oxide catalysts improve the performance of lithium sulfur batteries
3. @ EREWELFRAERB T

(&l SR E/mg em™? AT E/mg cm 2 5 FIC (EI B Wit A E/mAh gt FIARZEE/MAh gt B TR
STMn3 - 1.5 2.0 1500 780 406 [104]
Janus kL - 1.0 2.0 250 841 801 [105]
NC@Nb-TiO,., - 2.0 1.0 1000 920 696 [106]
Zr,N,O/NC-6 - 2.0 1.0 300 857 702 [76]
Fe,04/N-MC - 5.1 1.0 500 19.4 mAh cm 2 3.7 mAh cm 2 [96]
Ti,O; - - 05 500 1490 819 [107]
Co0 - 2.0 1.0 500 1248 1037 [108]
NiMoO,@NSCC - 2.0 1.0 500 682 654 [109]
NiFe, 0, - - 0.2 500 921 55 [110]
CoFe,0, - - 2.0 500 816 557 [771
NCS?A%?/?&%X 0.3 2.0 1.0 1000 1035 870 [111]
FVO/CNT 0.24 2.0 1.0 850 1183 751 [112]
ZnCo,0, 0.28 0.6 2.0 450 - 557 [113]
MnC0,0,5 40% 1.3~1.4 2.0 500 657 553 [114]
V,05 0.2 1.2 1.0 1000 930 586 [100]
OVs-Tio, 0.12 1.0 2.0 500 802 631 [115]
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SR AR 22 BRAG IR FE RN B B (K R FH 2R S5 AR 34 [100] o H 148 PH B85 7 R 48U B 1 =2 1] PR Rl P T DA g3t
AR IRVRR R 35 S R E 2 B, VP 22 I R BRI <82 Sk L2 A T LSB [101] [102] [103]. 3% 3
AT )R AR AR LSB AL A ERE

R S5 T DL PR e R A R (B SRR, BRI DR T DUE R A LT
{1 ZEL 3 AT VA R I PR T AR, TS SR o AR R ) 2 R R AR A AN TS A 07 )i [116] 0 A7 (OVS)
FE LR RIBRIE L —, FERNE 22 B AR HE B S A3 S S I 5 THT AT (R B F) S T AT 5% [113]

LEAh, X Jm A ALY ta] T LSB, HI Z AN, i mi i AIE IR S N, A1 Fe,O5 AT EL, FeVO,
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Figure 4. Catalytic processes of FeVO,, Fe,03 and V,05 on sulfur substances [111]
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Figure 5. (a) Linear fitting of peak current and Li* diffusion coefficient of S@3%Co-VS,/rGO and S@VS,/rGO cathode; (b)

In situ X-ray diffraction pattern
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