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Abstract

Sodium-ion battery has obvious preponderance in resource abundance and price, thus it can fulfill
the huge demand of human activities for energy, compared to the lithium ion battery. As a part of
batteries, sodium metal anode plays a significant role in the battery, which stood out from various
materials by virtue of its high theoretical capacity and low redox potential in the past decades of
scientific research and exploration. Unfortunately, as the uncontrollable growth of sodium den-
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drites keeps happening during the cycle test, it caused the serious losses in battery performance
(i.e. infinite volume changes, unstable solid electrolyte interfaces, and safety issues), which further
widened the gap between the direct use of sodium metal anodes and their large-scale applications.
Although the current review of high-performance metal sodium anodes is constantly deepening,
new research to address the aforementioned challenges is still ongoing. Therefore, we summarize
the latest progress of high-energy metal sodium anodes from four aspects (protective layer, elec-
trolyte additives, three-dimensional framework current collector, alloy materials), and conduct a
detailed discussion and analysis from this perspective. In addition, potential research directions
and prospects for constructing high-performance metal sodium anodes were also discussed.
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Figure 1. Reasons why sodium batteries can be used as a substitute for lithium batteries: (a) Market share chart of the energy
storage system, the above data refer to the Market Prospect and Investment Strategy Planning Analysis Report of China’s
Energy Storage Battery Industry by Qianzhan Industry Research Institute; (b) Statistics on metal reserves in the Earth’s crust;
(c) Number of articles published on sodium batteries in the recent five years
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Figure 2. The overall framework of this paper and the problems to be solved: (a) Schematic diagram of the growth formation
on the sodium metal anode; (b) Overview of the recent advances on sodium anode materials for high-energy sodium-based
batteries (protective layer, electrolyte additive, three-dimensional (3D) frame collector, and alloy material)
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Figure 3. Application design of carbon material protective layers on sodium metal anodes and the practical application per-
formance: (a) Schematic illustration of the preparation process of graphene as a sodium metal anode protective layer and the
advantage of not generating sodium dendrites during plating/stripping [32]; (b) Coulombic efficiency and voltage-capacity of
Na/NSCNT plating/stripping at a current density of 1 mA cm 2 and a capacity of 2 mA-h cm™?; (c) Schematic diagram of the
evolution of the Na/NSCNT anode before and after circulation of Na stripping/plating [33]; (d) Schematic diagram of the
preparation of Na@CP-NCNTSs [34]; (e) Schematic diagram showing the state of Na@CP-NCNTs before and after circula-
tion of Na stripping/plating [34]

3. M RHRIPBAESBMAR LR AT RN AMEE: () AEBIEASBWIARRIPBNFIEIERE
B R /R B IR A T MR R A[32]; (b) AHERZEERN 1 mA cm 2, B85 2 mA-h cm 2Bf, Na/NSCNT
HERIBNECHEMBERE,; (¢) Na FE/MEMRIFATE Na/NSCNT PHRAIZE LR ER[33]; (d) Na@CP-NCNTs
H&EREE34]; (e) Na Bi#ETBEFRI/E Na@CP-NCNTs IR7ASZT L R EE[34]

HA MR i SR B R AR A 2B, DR DB R T RURFPE AN ZAS Hh A 1 P 3 3 T R A T 5 1 8
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I RRIE T2, R HCRE 55 R A SR i R e B B A R T . an&] 3(a) s, AUH B MY CVD
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F RIS AL TR R, AR PR AR & B ARG, B R I e R AR e MO U SR SR AR 0 T
LRGN E AR O fh LA AR 10 7 s R s (i = BRI B A (0 T T R A P AR A e,
HIRENRBORFRE ). FAEMIE, TFRNRRIL, S8 AR ) A 26 M BE R AT o e FE AR T A
15 P B EE[32]. FELAET, M7 EASRIEE(ERE 2.3 nm)2H 55 R IR AE A HL I 25 B2 (1 mA em ) R4
AR (KR4 R BB, THFE 2 mA em 2 IR IR BE S, B 15 2 A 8B 2 (R 5 nm) 6 R 2 5
EARTORY

IR T4 44 8 — P ] AT U3 TR AL 2R 0 T . B TR ORI R Hh & 7 A K
(R BE RIS M, DRI I A SR T A5 A AE B R LR 38 R i AR K & SR B — B A5 )
(77 . SRBIMIMERELL, B2%)5 B e BAA R H s B v 8 8N B s PE[35] [36]. #lan,
Sun %5 N4 N R BT SO i & SR AR AE FB TR 2N 1 mA em 2, R IREIN 2 mA-h cm ™2 i ()%
O RCR AN R 2 B A1 B W 3(0) iR« FEARAT I AR, —FhIh Ak B AR L 45 24 B4 K (NSCNT)
Je M FECRY,  DAFss i) @ AN FH A C A Sa I BAZAT 9. anl&] 3(c)Fra, Na/NSCNT BHHK i< & 4l i Al
— Yy NSCNT iR ZH M. B REEI(N A1 S HBA%) IS A BRGK A R I i FE “SRAnIE” , o
VIR R, ARG HHE 5 4 B A SIUTRRTE 2 FLIR R, A2 T A i o

DRI, F T — s B PE R DARS e R At b S A FL B R 25, JLAE 500 IRAE IR, PR BE iR
fE1ik 99.8%. b4, Na/NSCNT X Fx B it BA H 6 1) S8 OB AR IR € 1 o« 5 AR IO/ Y B & IR B H AR (1) Na-O,
R AR L, N2 Na/NSCNT BHR T Na-O, Hi it I H 56 55 I AL A M R, DBFRREIE A AH 24 K B8 [33]
A, W 3(d)Fis, Zhao Z5 A& PR T Na@CP-NCNTs A%, iZHEME—Fr Na JIRREmRAL L, 45
G4 N BRGKE (CP-NCNTS) ) 3D B 245k . T EL N 5244 BRGNS SOt BRI T ik Na a4t
(CP)Z AN fb ffy, PRIULIRAR 1 “SR9N” wit, A2, H CP AN BBk 4K E (NCNTS)H B 28 X
5 HL P2 AT DL R R F U A B, R B A4k, DA IER E AR . dnlE 3(e) s, 1R EA
2, W3 RLFH Na@CP-NCNTs RILH 1 HEH AT 95/ R AT, HIOE I 3D B 2285 M 7E H Ak 25106
e DA/ F AR A AR B 1 AR 5888 [34]. Xia BIAIRIE 1 — b th 4 SUZ IR 2 FLIRET 4E (PCFs) 4 &,
FIBRSIIRAT, AL RIBIE, 15 1 5 38 wi%hi i APCF HLBR[3F 1k £ FLER £F 4 (APCF)-38S]. 45 KM,
APCF-38S Hitlk B A st & KB B A R A e, 7£ 0.1 C TEH 400 S5 ER%F 997 mA-h
g FHFESF MR FAEH RO RIFRIVERE[37].  LIRBA R A B R 2 75 MR A 2k e ik N A7
S0 JZ R DA O/ R W5 BRI A0 Na™ 9 8, MM G s A . 117 Na/NSCNT A1 Na@CP-NCNTs HiAkI%)
A RN HLnT DATE 2 ALt Bt i 3 SO MO Na T AN T BURE it o
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FARA Y o 0, Lu S5 A8 FH —Fi i S 25 HARBRA () 1,3- %t (DOL) Fil ib B 77 V2 4E Na < J@ PHK
AR R R E ORI, a0 A(@) . SEERUERH, X PG HLORY B K H e e # B BH AN SEI HLFH,
DARCHRSE ) SRR A S . TE B, IXOPh RN 74 e SRR MR A S AR KT TR 5k, R
R4 (B H B AE X FR L R 48 P R B (B 2 R . 5 SR A2 (R B PR R L, AB 1 3o A B A
TEHA NagVo(POy)s FHBR B 4 ri jth op 22 0 H 458 oo (1) 70 TS LA R B 1R [38] o ik, — BN EL R AL,
(A WU 4L 2 (VU PSR 2 48 Bk, TMTD), 8% EAR AL Tk FAVERRALARAE, AT DA 40 LA
BTN HL SEI EAE NIRRT, MEENBIARIOERT, P A(D) BRIP4 R 1
[, PRI T R S AN . TR, SRR EHBTEA & 2 wive TMTD B b B R i 32 R A i
th, ATLATE 0.25 mA-h cm 2 T 54 B4/ B KA 1600 h, 1EFF G AR mik 94.25%. b4, fE4C(1C=

DOI: 10.12677/japc.2023.124039 410 WAL A


https://doi.org/10.12677/japc.2023.124039

170 mA g )RR FRET 600 UG G, BA ALK A HUB kL SEI JZ ) 58 58 Bt {75 4R 7T LAAR
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Figure 4. Application design of coatings on sodium metal anodes and the practical application performance: (a) Schematic
diagram of the preparation of the anode protective layer with 1,3-dioxofluorene [38]; (b) Schematic diagram of anode pro-
tection with TMTD [39]; (c) Coulombic efficiency and capacity of the bare sodium anode and anode with TMTD added
(Prussian blue cathode) at 4 C current rate [39]; (d) Difference between bare sodium and Al,Oz-coated anodes prepared by
PEALD technology during cycling [40]; (e) Schematic illustration of no dendrites formed on Al,Os-coated anodes prepared
by ALD technology [41]; (f) Difference between NASICON and AIF;-NASICON batteries [42]; (g) Schematic diagram of
FIAPL and coulombic efficiencies of bare sodium and protected sodium anodes at a current density of 0.5 mA cm 2 and a
capacity of 0.5 mA-h cm™ [43]; (h) Schematic diagram of the deposition/stripping process of Al,O5-coated anodes prepared
by MLD technology; (i) Schematic diagram of changes of FCPL-coated anodes with different ratios of PC and plasticizer
added during the plating and stripping process [44]

4. RS EPIR E R B R SIRRR A EAE : (3) 13- — S5 FIRIR I B R &R [38]; (b) 1M TMTD [39]
FZPARRIFREE; ()7 4 C BIR[BI FRMPARFLAM TMTD KRR (EELTEARMNECHEMEE; (d)
PEALD R & IR MPEIRFN AlLO; R EPAMIEBIATIZPEIESR[40]; (e) ALD BEARSIZHY AlLO; R EAMR LTkt
R AITREREI[41]; (f) NASICON 1 AIF;-NASICON HEith X H[42]; (g) HBRZEEHN 0.5mA cm 2, B &% 0.5 mAh
cm ™ RHENAIZRIPIMBAIRA FIAPL FIEER SR REE[43]; (h) MLD BARFI&H) AlLO, BEBIRATIVRI S 352
~EE; () EREMHEEREPRMARLGIE PC FEE7TE FPCL BERRAT L REE[44]

2.3. TigE
ALD fEA—FMRrEAR, BEBHHRM, 7 PA7ERIR(98°C LA ) FEBl il & B & B ik L1y
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SRR, AT CAGRIE DU R AR ARAN AR AL, H H ALD T A1 8 5 B mT LUK B 4%l 7E 40K )
F[40] [41]. ALO; HAFUH MG R, 2B HELHIRTIRZ . Luo 55 R IGEHE KR5S C) T, 1
BN iR7E ALO, I PEALD HiR . 1) ALO; Ik ZE R BAL M H LRI & B AN . Xt B35 3
T HA AR BRI A L AR A B P ORI R E PR 4(d)) . SRR HL AR L, BEAR AR X R T ALO,
TR F LA B SR Y AL 2 PERE[42] o Zhao S8 NS T BT ALO; 12 RIS &R AR 4(e))-
FEGTRRI B MRl b, AT — PR TR Z IR . 24 ALO, JZ I JEEEIAH 3.5 nm B, BIfEH
ol JEL B2 (PO i 2 [ R B SE L O AB A ME e, HTWZEAGEA 500 2 W5 TR PR EFRR 2 (1 1 BE[43].

AR, HAWENLIRE W EFEN . A T HiE NASICON JTEAHLENE 7 S H[E 45 HL @5 (SSE)
Na Fat 2B K, Yin N AIF, IR 25804 8 ra it ) Na/SSE S ZE . anll 4(HFR, KHE T —FHHE
X} fj BRI AT IR, 1% AR AT AR 55— WRIE3A b S BH M R AE M AR, A8 SR A il e 8 7 L 5 SR 2
M, AREES T RIMNTERTEE. AR JZENRMSEE T Na &5 SSE RS I, 590 1B &% )
G S EE . BEAh, RIS, AR AL AL R R AE AT 410 ) FR A L, e AR I a
B2 Na™ 5 AlF [ 8 KB RIS LT R, 78 60°C Y, 44X FR FE I I 5 IR 25 iR 3] 1.2 mA
cm?, RO F MR FasE M (15 4()) [44]

24. Tl - AIESHRE

HETHFR M, AL - AVRNREE E DR e R kR, SEAF B ( FEAR K AR AR
o Zhao FE NI T MLD BRI, HEEFEAEHL - THLE A (alucone) ik 1 & IR AR AR I,
LB T EAR IR RO . 5 ARIEMER) Na ATETH IR R0 ALOs iR EAHLL, AATRIEFERZM Na &%
HA IR, 7 LA oD Na kb i (& 4(h)) [25]. Kim A FE A1 H T —F LR R
) Al,Os ALK AN PVDF-HFP A HLER G AL - TCHLE A TR Y72 (CPL) . X MR =0T AA 20k
AR SRR R, TS R & R AP AR PG PR AR . [ 4(3) BoR T ML R AR 2 (FCPL)-4 & 4l 7 T
AR BE N AT R B AT N [45], T L RCR B T Bk R TN i B (PC) 3G S AT e gl PRy PC IR 5 AT DK LA
1) L S R AL e

Ak, Wang Z5 AR08 7 —Fi B NaF #3 K F1 PVDF #3 oR (1 52 i & o 2:1 1 4:1) 8% N-FE IS 2 e i
(NMP) ([# & 57 &2 LAy 6:1) il s r ) o SE Y Z AR, AR AN TR 2 (FIAPL) [46]. i —5%
TR, ZINET AR R TR, SRR TR E . thAh, EANRIRYZ S m e i A
A RIFHIIEH RS, 7EmE MY &R PH AL & 300%, 4R Mk 96% (14 4(0)).

3. FFRAR N

AR TS N2 ORI 6 SR B PE AR B (T B . o U 7V o R U IR A R I vy 5 7 FL 3 8
RO oA A 2 fa e v, T BICReIR & PR G RCR, A B TR RCFHESE W SEI [14] [24] [47] [48]. i
TRk, AN BH R AR TR IS IR K BORT 2 s R IR Jn A B FAEAR In

RPN, R R AN, W TR BREE(FEC) . 204 S0 IR G (VC) MR 2. 55 (ES), T LLHS
B i & R B BH A 5 LR 2 (R R SR T AR e M, Rl 2 A ) FEC. fdlt, Mullins 1) T4 5 A0
FEC Uni{l7E & J@ AP A h R AR Ve . TE MR 7CJERE 1, R FEC W LLE P2 AE AN SEIL, B EA WL
AIER B B BB SR = )R R na G PR VR RE . SRTT, RIEUIXRE, FEC M ARV A7 2R mT LIRS I 21 AR AR &
W R GG A TS R [49]. BRI, AT T EORRISS Tk il g mAn otk . Wl 5(a) s, Lee
S NJEIR T — Pk TR AR B R s A 4L, B FEC-NaFSI R . JE T AR EAL x STkt i1
REG(XPS), AlAI1HEH 1 FEC 3 LIS 2 i K 2 8akiE — 3. 25 R K, 78 NAFSI B, 4
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VORMIRINE R AL T 7870 A4 . b, BEERHT, &4 1 M NaFSI ] FEC $i2
ARSI AT, AR PELE T AN R AT RS A5 A B A v LA
SENARGE 1IN BEEC R T (SA) T 0 5 RS2 - it

A IR R E PR it (5] 5

(b)) [50].Fan

% 7 Na/Cu Hijth 4B s Al
R AR SV, AR T A

/\7

B HR T2 A R A B ) FEC PR EIVERT, #8958 T Na/Nag gLio.1sMng s5CUg 1502(NLNMC) H it

PRI FENE . Zad 400 Pl 70 i HL O 3E 5

AT FEC-SA XUHLFE R AN IR (0 Ll ) 7 B DR Fp R AT A

87.2%, HAFFEREHI R AL T A A AN S A F L o —FhEin It it . 45 SRR, 7 Rt e TR
FEFF, SA-FEC XUASINGH LA AT AE IR AT BRI A e 19 SEI ORIPR, S 1 Hubl 5 g ot -2 1)

FREEEI RN,

(a) }
rm FEC-derived
|n er ayer

\

Na plating ‘
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Na* Na* Na* Na* Na*
4
A A
-
(c)
e ) Uneven SEI
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SEI
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Bulk Na

TRIE T 7R IR v S AR K F e BE A [51]

(b)
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Figure 5. The role of electrolyte additives in stabilizing sodium metal anodes: (a) Schematic illustration of electrode
without sodium dendrites in 1 M NaFSI-FEC [50]; (b) Coulombic efficiency of adding different concentrations of FEC
in Na/Cu cells [50]; (c) The effect of K™ and TFSI on the sodium metal anode [52]; (d) Duration of sodium symmetric
batteries with and without KTFSI added under different conditions [52]

g] 5. BEEBURMFIAERE S B NAMPAIER : (@) M NaFSI-FEC [50]Fh N BB RER; (b) MATRER

r FEC B9 Na/Cu Bats B EE S ZR[50]; (c) K'H1 TFSI X1 4 /& SRR AY 20 ;R 2= B [52] 5

KTFSI B9 SRS FREE L A B 5544 T BOFFEERT (8] [52]

(d) //J\\hu KTFSI fﬂTuJ\JJI]
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BbAh, BT AN £ R AN P AR B A I ) B R — 2K SRR I E, BT
R AR REEAE A F R P, JF ERTE S RN R TR A+ SEI JBE. 25785 V8 N7 ] DASE e 25 1197 #
FPEAT N, KRS TANPE AR p A e AN aT o ik o SR, 2 H A 1B 5% T iX — 3 A 7 4R I8 H ik
/D141 [47] [53] T Shi 5 AFRIE T —Fh 44~ KTFSI (R XUhBE R AR 7). 4n & 5(c)for, K FHE 1
PEAt i e B LA EBVEL ST R, T TRSIE WA Bh TR RS E NaN; A NaNO, [ FEAR SEI. nJ LA H,
KA1 TRSITC & L A4 i 1 42 B PH A 1A R L 6 IR 5 dn R o 9, XA Na Bt o] LAAE 1 mA em 2,
1 mA-hcm 2 FHEH 2700 /M, AT LAZE 2 mA cm 2, 10 mA-h cm 2 RH&E¥F 480 /i, (151 5(d)) [52]. Wei
S N, S8 AT AR R 6 1 S A7 A R IOK M TR 8 R L 4B B BE AR T T i 38 B« A AT TR B
RIS 7E B i (O RS TS T, X P 2 1 7 5 1) BH A AR BB R & )8 S 32 5 AR T R N, FRUE T AN TR
A M S AR, R B R K I A R e M (53] L3R A5 B R 0 751 )
A3 R T A BT IR E AR BRI P [ R s . TR EERE— AR SR A T AR R B R
BWET, (BHRIEIT B IR G ALY BURTR A W) I3 SR ) W AR e 35 AR A 27 S R A A 4 g B A FEL B
FEiAR

4. 3D HEZRH RS

A VR AR, XN TSI RAT I R A R . I AR B A ) A A R R T AR
BRAR R P8 LA B, AT ST 20 ) LA o AE AR skis v, M 3D SRS BT 3D MEZR SR It o DA T )
LM BOREFMRAIARE . BT 3D 5 HIAESL N5 HL 2832 ZIBR B 2 (¥ 5GIE[54] [55].
Br 1 BRI AN, BT e Jm AN AR (¥ 3D St e A HAd R (1R 50 3D Sl T AR I ELR R,
F UL 119 45 o B AR AE TS IO 2 P AR AR A AL SR B 2 W8 O SR 2 1] b4, 3D HESERT DL 35 IR
S BB AR 2R T 14 J #48 FEL 8 5 S D 1 R TR SR AR A 05 (10 A7 e, ST PAES R AR G ) i B T 5K,
MIRLR IR A K B ST ZRAEK[56]. 45 E LIRUA, 3D HEZLEEUR 481 B0 <o B PR AR 7 T S8
PRI FEAEAN RN AT S, BEEN SO T8 255 7. A1 3D ik iEZe. 3D )&
FEHEZEA 3D HAMESL=AJ5 T VEAH 1 45 3D HEZL SR i) B AA R I [57].

4.1.3D BREE R =%

55 0D. 1D il 2D WRFIEATEIARE, 3D BRIEHELL(CBFs) Al LIE NS 4 e e e HELE b, Mg F T4
AN % [58] [59]. MRIEHIS TVERIANE, 3D CBFs Al ML R LR G E: JESHE, B aEN
CBFs 1 5l A%, 5l CBFs HIRENGEMEERER]: addition, K A5MWsINE] CBFs H1&55%--- -

B R S EE R CBFs 7. Luo S8 N3RH T — M NTE RS Ia 2 5 s, ARG
I BAE AR AR e SR 45 1) Na-wood &5 [SH AR T A 283 il £ 78 73O 7
SRR . RN, ZBIAGE RO AR, iZBHATE 1.0 mA cm™ FIE R H BHE A B AL fl
FEFR 500 h DL EpfasE vERe . sbah, BT m SR IAR, FRAK T A R B, iR 73500 Na i,
MITTHE S T ZeMERe . ML R, REACHE ) G B ANHAR PR A5 i 24015 2, {0 100 h [60]. ALl
Chi & NIl 35 ii& 1 Na/C A AN, il 6(a) . BFFE R, K ta Rt B N BRI KA.
FE F2UE 1 3D BB, BT 4 JE Na g PRI 7E 5 i A BB AR R, AN 0 T Na iR £,
MIMTBEAS A SRR L, 8 Na Bz 355], I BR & 1 A 2Pl R i R84k, PRI ERAS 79
RUF. PRBAR (AN A KT % (1 3D AR . A A% PHAR, BIECE 5 mA em? [ IR B R, Na/C &
GO0 FR I AR REAE 120 RAEIF 5 ORIF SR e PEA TG o EAh, ZBHRS Nags7Nip33Mng 670, B AL
Xt RIHEOLR NS T8 Bsh 7%, fEA it BA R iE 2]
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Figure 6. Improved sodium metal anodes by using 3D framework current collectors: (a) Schematic diagram of the perfor-
mance of bare sodium and Na/C 3D structured anodes [22]; (b) Schematic diagram and SEM image of the fabricated 3D
Ni/Na anode [54]; (c) Schematic illustration of the fabrication of the sodium infiltrated Fe20;@C textiles (SFCTSs). The
photographs and SEM images of CTs, FCTs, and SFCTs. The SFCTs are kinkled and twistable and can be changed with tai-
lored shapes, such as “paper airplane” [55]

& 6. f£F 3D EZRE R BHUHN S BHAR: (a) #R4NF0 Na/C 3D LEHIPAMR[22] B0t BE R =[E]; (b) #I#&HY 3D Ni/Na
FEAR[54]/~ B EF1 SEM Bl ; (¢) $HiBIE Fe,0,@C Zi4RM(SFCTs) Al &~ EE . CTs\ FCTs 1 SFCTs KB 5 1 SEM
Elf&. SFCTs AFTHhFHREE, FTLURBESIBIFAREITER, flan “4HeH”

HE MU RTE 3D CBFs K LI AThReAb E RER . X 2 —Fh R s A s 7. —J5 T,
MWL GINFEZH “SEM BReld, BN T 485 3D CBFs Z ISR ), BRIKT Na fURiZRE. 57
T, SRR TT U IR 510G, Na'7E AR I 59 8, MU E IS A, Li %A
UK EIE SRR EE R SN TR AR AC R, i AR E I A A L B 42 (O-CCF). 3D
EORGE R TR BE (R 45 & 1 4 R AN A A E 50 mA cm 2 454 T 10,000 RAEHAA 5 mA cm 2 T 1000 X7
M5 FF 99.6% 1 3G AR A 10 mA-h em ? IR & . 58 2413 O-CCF/Na-NazV,(PO,); A1 Na-O-CCF/
Fe;Sg FLL B 2L H £ 5 1) LAk 22 PR RE 6] -
=R P B 24 . AR S BT B G (DFT) A5 — MR R H A, AN 5 JE T B 8RN 45 & Re i e
TR AR T 15N LA BUAZ R Bt , $2m1 SEI [fese I, A4 @ B BH Al A 8 RAF K iR e
Liu % AR IR BT 2 T2, MIE T BB R 4E(NCR) M4 . & ATFIE, R1F T4
BB A TR AT 4E(Na/NCF)fE AN 4R B, fE I3 28 2 mA cm 2 fIE 8N 2 mA-h em 2 (41T, 4
If 3500 h FFEHR, FLPECRCR I 99.9%, S TR IIESR Adr. shoh, DABCE T BERR AN N BIAR Y
[NazV2(PO,);@C] | Na/NCF 4= F R I R 4T A5 R 1 BEFI 5 R M RE[62] -

4.2.3D & BEERS

FaEm i 3D &)@ IEAELL (3D MBF)J& 5 — Pl i i 15 U1l 45 ¥ AN 45 A2F SR ) s, s 2B & A R T 2
Ao KA HPINE S RN, Wl 6(o) i~k ¥ 4E A3 3D Ni ¥+, $2H 71 3D Ni/Na 4 J&FH
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Beo SXFFR LI B AR AT L, 3D Ni/Na )& B AR 2 B 5 AR (10 3k e B v PR 3 R e 1
AN, 7EH] NagV, (POL)s FIRRZH R iy i, 3D Ni/Na 4 Bk L8R4 8 Na BHM B 5 s i A 2 b
7E 1°CF 200 AEH 5 A EoR 75 mA-h g7 f s il 3l 28 & [54]
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Figure 7. Applications of 3D metal-based current collectors: (a) Schematic diagram of the copper nanowires during the
plating/stripping process [63]; (b)~(e) Comparison of sodium deposition on planar aluminum and porous aluminum and so-
dium plating/stripping on porous aluminum current collectors presented good performance [20]

7.3D0 EBERBFBHINA : () F/RIBIIETHRMARLREE63]; (b)~() FEEFZFLIB LMMIARIZ LG
EEYSATE/F B BRI R AR R I REFAVIERE20]

H AT e itl, Wi, gk, #uT DURPRAN LA B4R . Fan A1 Hu B IIBAE R 1 —FRIE 75 1)
HAGUOKFLRIET 3D H/EAe @ ikcids, T CLSEBlem e S PR ER, JFA Xd
LA EEERE . (EE LRI T()TutRl, R KGR T DU RN TR IR e Gk Sk b, A e
SEI EFFIMEIEL S 2E A . ARG I AE 0 B 2E 30 T AR R A TTRA L RS PR X, AR T8 118
PR FELA O S T A BRI T P B e R Ry A LA T, ANTRE 3 1 R AN I ST 0T . IR ANAE S
K2k 3D HACHE 25 2 T TR/ B8 AT AR Ak FURE (25 mV) BR300 38(99.7%) , JFRETE 2 mA-h em 2 )
R E N FUE TAF 1400 h Bl b SEFGORZEH ROW AN 20 =482 LA B0 RIVER, )@ emr
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NS

48

WEH AT LLIAF] 1000 h LA E, F AR S 12 mA-h om 2, FECRCET & T 97.5%, T IK %N T 12%,
AT BEA 5 A [63]

R B, AT RA A . 2 LRI S W 7(b) s, Luo #Hd%
HIRA K KRR s 7 B IR RR B fr . FEVTANA BN 1 mA-h20 HIE N 0.5 VI, A FH i AR AE 9 B MR
BETIARDTRR 220 h, AR AOBE e e AR 5 HE IS, WA R N AN AR g o 1T FH 22 FLARE N H A
BTN RDTRRRT, TEAHFI 60T, HOESUTEANA DA 350 h WIRFEAAR . WTRIBHR A H, ZLEME
BRI Na-O, HL it (K98 2R Mk B B4R F Jm P AR () 7(c)). 7E 0.5 mA em 2[R E T, FEOMEE
7 1000 XAEIRFRATIR IR FF 99.9% (] 7(d)). X2 LLIEBH 22 LAR 984 BH B 1R 48 s AR v] DA H 3 2610 70 A
WIS K2 FLERAE R E BRI A AR B v, R L e AL REHEAT AR . 7F Na-O, Fthirp,
T2 5] DAGERFE 200 (RAEFE, 1M LA P AR AR AR 9 VAR WO SR 2% AN BH AR A e 4+ 20 IRTEER (] 7(e)) [20].
EAFERNE, Lee 5 Nk K WUk} 25 ()8 52 (PC-CFRe)E N BE vl () Na 4@ %k . PC-CFe
FLA AR R /N B BSR4 R ) R 3D 454 o AR ANBIBURL PN SR #4726 A e I R OB I8, B EL 7 1k
YRR A1 5) . SEEG4E R W], Na//Cu FERHEZE 10 mA cm®. 10 mA-h em ? R A fiE3F 500 ¥k L L,
AR L 99.6%, TM{E 60 mA cm 2K, Na//Na X Fx e it i al fasg 1534 14,400 R LL b pb4h, TERHIMK
PC-CFe//NagV,(PO,)s LI ( 1% 4 10 mg cm 9)7E 1 mA cm 2 FE¥F 100 k573145 103 mA-h g ' I E A &,
UEBA T BRI B ARAGIA B AT AT HE[64] . thAh, HI T 4K HIBURE &G B 4135 BCP ML A RN, &
It PC-CFe 7] UKIIBLA i, & & T AR/ KA HLAR .

43.3D SEERHE

A —FhEERRIE RN & R 3L T — 141 3D E A HELE(3D CFs), 7E 0k d Bl FL s ATk 7t K AT 7
JIRIT R N AT R anlE 6(c) i, Xiong & AARIE 1 —FPRENE [ AR E B Na {317 Fe,05 iR 21T
ZU)(SFCTS)FHAR[55], BTl 4% i SFCT BHARFCAR 1 Na B AR 5 TRk f, AL Sl in T A el 3 &
PEIZBARR AT LA il F e T B Bk “40ChL” o bk, & S e AR 3D FCTs fERIE/
L R Tt B T Mk SFCTs R FLIR A FEMIPE R - WRAURIN, SHRANFHIRARLL, f8TH SFCT BHk
(R0 R B it B A B SP AR A FEUR A s SR P SR 0 O R R B G PR M A 1

25 LATR, 3D HEZLEE KA U UF B AT DUA 2 b ) B S i AR G, 3 S S R AN BH AR I K AR R AR AL . BT
DATE 3D HEZELEMIRTHGIN “SREN7 J2RIEH L EN, XA AT AR 3D AL #s aiaie e, & nT LAl
DURR BT 5 108 2 A0 Jm) 40 PR AT 25 F8E 1) B3 50 (9 0 AT 7 ) 438 [RIRNF, 3 W DA CSGdE A% G M ik 7 v
EEATIITRRAT S AT A 21 e 44 R AR KA B R A 4

5. AeMH

WAESR, SRR AR, FLesmat &R A BRISE— M, T LS IS & S 4k T US4 Hh
IR [, BT LS8 A ST R RIS Jm AN & S AH, AT =2E B A AR 28 1 & R B A B A
FRAARE. REEETER IVA R VA R —%I0EK, 1 Sn f1 Sb, X4 JE & A kA L
WAR. SV PURIAREE . SRV RO I R — A R A B BHAR AR, R R T
IERN A, ERETRSUR SR I ARR T A RIRT . R0, BTMNE TS, ARk, SRRk
G AR, AT — PR E SR & S SRR BRI 1 VR 285 71(2] [11] [65]. C&H T
JURPA RSk, T I TEL /4 .

— o LR ) SR A FH B AR 2 A ) A AR I 9K 50 . DA 8(a) ) NaSn & & i, 75 58 s
WEESE, Sn FIEFRREZIKE IS 420%, SXARZS Gt ORI RE AN iy, AT 3 SU06 0 1 R SURI T B [66] o
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SR, WA R, B R AT LR BR UF (g2 v E R, 36 mT DASRE s Al i) L o RIS, kR
YRGS RIS T BRI, Sy U TS R AR R RN TR A T R BRI A (A] . X AR b e T RN
A A AR AR AR K () e, EFEAR KRR FE vk 7 BHAR AN Ry Bk PHARR A ZRAG I S
R, MIfide e 7 S Witk RE . Wang E R MOTE, oG T BHBAFERI I E . i 8(b) R,
B HUE Sn GPRRBTR SN F R Z LN S, 408 Sn@C EAMEL, HmM sl s = a)E
BBAAR B K e R AR E . AR R A MERE A W TR . —4& Na 5 Sn Z A& &0 EH
—— B TR BAZ AL A, BRR TR A A &, BRI SR AR, WA
MTEREIA PR B 2P E R, I LRI, JD PR ARk . B SE REH, Sn@C EAMEER
THEFEN 2mA em™, AEAN 5SmAhem 2 [IEIL T, Alis4T 1250 h P E. (HAERRRE, BAEEAN
AT BJGk S, JF HARME T 99.3%I1) S A G AL AR [67]. 14 8(c) R T — i) Sh@C [FHh g K e
Hil& T2 B, KL Sh,S; KBk E R 2 E(PDA), 13%] Sh,S;@PDA. A5, fEEAMBE T
500°C [ R B2k F T, XF Sh,S;@PDA TG KA EAT A A [ IR K o fEIX—2B 1, PDA BBt AE ik
JEFIE ShyS3 ALKk Sh, MM 75 #] Sh@C. Liu 25 A&k I Sb@C B KItal 5 Sh & EEUIAHL[68]. JLALSE
3% W], 3Bk 5 min # 4 1 Sb@C HA B KL R, BMIERGRAR. BRIEAMER. ZFh Sb@C [
YK N 20 A g IESL R, AT LA EE 310 mAh g R A R .

BRI R R T SR S S MR . X OTEE R WA &0 EK (Shby Sn. Ge ) 5iE
JGE(Sby Sn ZR)EAREME G ER (Cuy Se 55) IR G o IXFP v mT LA AR AR AR A, A W i e AE D M AR P AR
Frocse, dhab, A DL A7 S 1 1 B b ) b PR ARG PR Rt rT CAAS B3 o T8I0y 1 A3 1
GHAEY, HBFEA BAMER S BRI G E, BRI T R — &8 SCE T (R AT
o ZZRBIEA T IS A RS EEAERE 2 Sn MBI A BB EMEAEREELFH Sb & HUY SnSb
G&. AR NBROZIUABHML . R~ EME &k, 45 3D SnSh@N PG, AI{E N4
MR TSP . 455K, 3D SnSh@N PG HIMRAE mid & N R E 4 & 1 ARAE G A EFIFRE ME[69]. ¥
RV A o — N I ARE . —BOR UL, R AT R AR — N R RS, (R R RN AR
AR AN ARG M TG R BIAFAE AT AP AL T R ) S5 A R0 B = 250 e 1A% S [ 1] 1] 8(d) B ik T —Fh o )2 444
FEHIRTE T Sb,ySes/rGO MK B AL B A LA KL W 0N R B HE (1) — 2B I IR 85 & SR R AE 7
EUEI T SbySea/rGO i P MEIR T 4M 2 7 IR AN« B54L R Na &5 Se 2 [MIM& &R BT
Sh,Sey/rGO REMS ARt F F-Puidfiniz, TATTARBUZIK, & KT EeflTh, DRMTE 7 A I o O % 319
a5 PE[70]. Ren 2 H:[a) 25 1 S B Bt & 4002 v S8 7 Sn-C A1 SnSe 402K -, A (45 44 1k (SnSe/NC)
gk, T3 an EIR AO B . 5] 8(e) BT s » SNSe/NC 9HK Fr A& F i AL ) ZnSe-fig 24 1L 4K 7 (ZnSe/NC)
T PH B A A 1. 45 SRR, SnSe/NC 4K 76 L 25 A 25 mA-g i AT 723 mA-h g 1R AT
WA R, fERRIEEN 20 Ag i EAT 88 mA-h g I fiF R AR R, fEHLIRE N 2 A g RIS 200 KA
W A R RIIE AR e I, AR IR RERN 82% [71].

UEAh, RS G S LW T T — M7 . Ding 2 NFEH I —FA L Na-K Hijh, DI
MUEE FTE VA R AN (SR) A BAMKES 4,  LAR AV IE I 4% AR E I8 - B & S R FE R (5] 8(F)) [72]. HF
FEN AKX et (35 ML EAT T VT, BRI T FRIZ R, IR T DUE R B o %
PRGN T o X FA NI A B A LT 58 lf, 1 B AR P9S8 VR - DR R S A B
AR R T P AR Y SEN PRE e X PRSI B R At T SRR AR A 1, I Fi S5 A AR B AR R A
WU B i R e, Pt B A 2 s T A B, B AliA 2.0 mA-h em %,

g ERTR, BB RGTERA. 27 RN ERE S B A &R A b IR A BT w7t B
Fro SHABMEIML, AEFEMEREAILARL. TEBRMA. ZaaeBESms. e3MpmE

DOI: 10.12677/japc.2023.124039 418 WAL A


https://doi.org/10.12677/japc.2023.124039
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Figure 8. The alloy material has been used as the negative electrode to better attract sodium deposition by alloying: (a)
Schematic illustration of the structural evolution of Sn nanoparticles during sodiation [66]; (b) Schematic diagrams of the
nucleation and growth of sodium on the Sn@C composite substrate [67]; (c) Schematic illustration of the formation of
Sh@C coaxial nanotubes [68]; (d) Schematic diagram of the stabilization effect of rGO on the Sh,Se; electrode [70]; ()
Schematic diagram of fabrication of SnSe/NC composite nanoribbons [71]; (f) Schematic of the SR insertion mechanism of
Na and Kions [72]
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BE[71]; (e) SnSe/NC EAMAKHERIFIFREE; (f) NaFl K BFHY SR AN REE[72]
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