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Abstract

In recent years, with the rapid development of lithium-air batteries and lithium-sulfur batteries,
lithium-metal batteries with high energy density have once again received extensive attention
from power battery researchers. However, during the cycling process of the battery, the lithium
metal anode is prone to dendrite formation, volume expansion, and intense side reactions, which
can lead to a decrease in the efficiency of charge-discharge cycles and pose safety risks for the
battery. To obtain a stable lithium metal anode, various modification strategies have been pro-
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posed, such as electrolyte additives, diaphragm modification, artificial SEI, and 3D current collec-
tors. Among them, the modification of the collector directly affects the surface structure of the
anode, and the large specific surface area of the 3D current collectors can effectively reduce the
local current density and induce the uniform nucleation and deposition of lithium. In this paper,
we review some of the instructive research in the modification of 3D collectors, aiming to provide
reference for further design 3D collectors.
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1. 51§

1991 4 DUAy 58 9 BHK (4R 25 7 it (LIBS) IE A A DAL A o B2 7 (845 0 I &% 1l R
&, Rl R AE RS EAT I, HREm E R U A AR TS DT R W AR IRV I R SR A A
FL LR B v e A S A (Y i B BRI T 5w S ) o OMUAE BRI TR SR A S “Bieh AN W& iR,
2T LTS 0 b AE RE R AR R T 0 R AR . KPHRES W FRER FRAEIR[L1]. K LA B B e B %
(R 5 it AR OV /2 755K [2] [3]. HZIEME, HA M Bt 25 5(3860 mAh/g, &A1= 1 f5) Al
BRI AL IR R AL (—3.04 V,  Sbrvi 0 B BT B ) 14 4 Tt DL & — N4 R 3% [4] [5] [6] -

TESZBRI I A, 70 75 R e R et pA) 3 A T G R A R ROBE, AR A L A A S T R R R
RIF=A[7] . B4 Fith R ) SEN B B Sh AN SRS IX AR S S B PR . B4 T F 2 BT DA DA N
SRR LA AL R RN EAFE G AR S AR . B BRI Z S5 ) 8] . He v i (S T
B RS SRR BT A B RS it RN T 43 AR A o X 7 T[] AR 7EAS (R B E s o i i (1 53R [9] [10]
S, A SRICA T RR R, 5 IER i, SR R, SRR, Sl kR K
Sz Ve BE[10] [11].

2D 96 FAE SN I AR, SR, SRR AR SsSB4 s BT R, 1T FLIE 2
& L R R TR B I, R R R O R AR KR A e e PERIAE FH o 2D 40 91 [ 1 g R P R v 114 = 30
FEL I 25 P R A A 4 AR (LMA) P (1) LiTIE i, PR R BB T R AR 2% () F A A, 4
i A K AN 7 A 1) 1 TR R 5 A R L B AN 40 [12] [13]. #R4E Sand’s Time #Eit, wJLUE I &
EL 2 I AR (1) 3D HESERAERIUR 0 LI 5 B AR A i A e [14] [15] [16]. Rk, BAA KHEERmAAR. 23
AL R DA R e R 1 L1 B DA S L b4 ) JR) 30 FLU 2 B2 (1) 3D SRV AR IETERE T i W 9T

TEX F 4R, AT 3D HEZLFISEREAL R AN JT T 258 T - RARR M 3D SR A 78 k4T
TEBENT, G THE R 3D ERANEIFE A, Nik—5 1 3D AR S S .

2. 3D &k

R AR I A S R AR T SR B R R L AN A 0%, e AN AR i R AN AT 51 R )RS
Ao 7 2 SR T AT AN S, NI SR AT R . TXR R A R R T T S
ML EJED, (A0 7 ASE I EE L858 (K R TR OR BRI R A AR B2, Sl SR ORR, a2 i PR ) £ i )
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Bt 5 AK[17]. % T FI BT AAR SO SR R AR K I AL — B SZ VR [18] . MR T 44k, BAf
HRRMA, H2IEEALA, e bR . REf8 ST L 15 ] Jo 38 e 2 FE A5 RF i V) 3D AR FL A% R
MAIF[15] [16].

=Yk H IR AR AR AT = KRB [19]. %G, A R =4S T LS e R EL AT B A, G L
A LR ) = 4EHESE B AR [20) RUSUHE AR AT R 21] 55 . IR, 3D AR IR AT LU Hh A/ Hh fif J5 it T 5
ke, Flind AR R AT 2455 [22]. =, 3D &K EAEE SR ST LUE S SR .
ot E AE BT 4 b BB AR AR R T2 [23].

2.1. 3D iR &EM
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Figure 1. Structure of (a) hollow carbon nanospheres and behavior of lithium deposition; [37] (b) hyper branched vertical
array defective graphene (HVDG); (c) Li-HVDG||LFP cells and Li-Cul|LFP cells at 0.2 mA cm ™ with N/P ratio of 1:1 and
E/C ratio of 12 g Ah™1[38]

1 () Z=OBARKPNEMFEITRNITA; [37] Ob) B EEMIIREAZERKHVDG) REE; (o)
Li-HVDGI|LFP B3t Li-Cu||LFP E25ti7E 0.2 mA cm 2, N/P tb 1:1, E/C tbg 12 g Ah*[38]

TEAR G 8 SO IO T A A% G2 11 4 J8 A RERT B A4 R aT DUAT 250 i g 21 400 1) 4 A o 1) A K A
LMAs AFEZAK I . Hodh, T BA R SR ERE, SEE5, planakm24]. 8
RER[25] [26]. #Zk[27]. ZAL[28] [29]5%, #) VZAE N LMAS [¥] 3D HIj &R 2 FH . fH2 T Cu M
N[ R AR AT D B JEC BT s SR8 Jo 38 P A AT AN I S0 St , AR SLA R, e 2k — 2P 1)
St RETRRIEMET S, BT MR RS %A, SRR . R 2 ILEWERE s, O
I R B &M RS RS (BT, 4B TRt T [30] [31]. 7E4HG:JR FRM AR AT, HA BT 4E[32] [33]-
BRYIKE[34] [35] BiAT[36] 5 MIEM BHMFRINFH . b, Z LI B RE G A PR K R B %, Bf
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SRS FLIERE BORRAL AR T DA 22 bk A7 4 5 FL T DA S A BE AR AR R AR A [18] Yan 25 At e 4 H 7 —Fh el
PN RS AT AT AN RO 1 (1) 25 OB BR A B K I BE A5 4, B AT DA A R e 0 R 1) £ 25 OB Bk N AT AR K
(Kl 1(a)) [37]-

AU s R RS e h, RIS R B RRUNK, (U2 mT DU I 4% 8% B IK B = A= A UBRRE 7
A5 EL M PR PN 2 M R SR YRR D o 91 T iE e v L SR AR 1) % P P R 6 SR [39] o I — HEREIR
SERIHEAT VPR S AR, (BT DAY B o E T R PR R, A s o A A 1 2 K 1 TR
i (P1) B0 78 i B SR I 25 (E-Cu) [40] . {24 1 81 42 Ja M IR JAFRUE 0B 35, DA _EJ5 AR AE G W R R iR
AR, 3D K2 ALIMEIB A4 A SBIG[41]. LiTT s LisN FISE8E LIAL & &40 3D B A4 [42]5 %
TN A RO SR N B S R b, (AR 2 DURe B AR . Bk, AT R KIE=4
HL SR ZR L, R T S5 M e AT SRMEAS 0 S0 N Gt — P AT it 9

TERT 7L, Fang S NWTH T SOM0EE B R S ERIG A 55 0B (HVDG), LU &) my R A 2 1
R[38]. ‘& RGHE 4B MRAE R T AR AT 6 mAh em 2 (4 1E R 3T IR FE AR TRV ES . HVDG [ Gk
F63 = TR BRI [T A S I s 8 AT i S R e R L AR, W (R R 3 ST B AT . [
i, HVDG i HEILHERk (B 2 H 2 ) HA R R A DX A7 i, X 45 Lt sz 35 2 1R1K. i@
SACEER AR T AT 7% o M58 560 SR (Gperf) FHUA 23 67 (1) Sk B A1 5547 (Gdefe) AHEL , HVDG 5 Li HIAH
HAERE . EIAEN 6 mAhem 2, B E AN 1 mA ecm 2 44T, Li|HVDG Hi i ZE4E 2% 100
UAEIA R AR FRTE 99% A 4. EH B2, EARFR N/P Lo 101 44 R IR th i, Li-HVDG||LFP 4=
Ha Y A B R T 200 YR, BEARFEEN 80%, “FIYEEAE RN 99.2%, M Li-Cu||LFP it H 8
PEIL 40 B .

55 2D ik, 3D SRR T DFREET R LLR A, A PR 2 % . thab, 3D Ltk
LSRG B 2R, e, BRSSP 3D SRR AT LA R PR il 1 AR KA B BUAE K AT N
SR, EXG R HCRIAR M FIR, B R 206 LE R T AR e T T Bl N . IO R s R T AR 2 5 300)
SEAE IR = A 1) SEN Y, fe 23 B ARG HA 3 [ I3 95 46 [38] [43] 0 JUIH R MR M 25 2 Al i 2 B
BRI, SEl (g ke & 2 [44] [45]. Wk, TERUFAVEA m LR 3D SRR, FRATAN
B SR EMVIGECKE, EELEMHIR LMA BB A 05 5 1 7] O 1 4 & 7k 1 B R AR e 1
TS, SRR AR St R RETE A A S b BRI I AR AT N R R U AR, ek
A Sk b B G A S A K

2.2. FREBEMBHISIA

SRR RS S SRR 2 (R S A . B URURIM A S AR . BT 2 W 70 A TR
FORE M EEARE R T B RN B2A BIA[46]5) I E 48 (Ag [47]- Au [48]) & J8 AL AI(SnO, [49]
VRGN Z 50155 o A FH SRR B 1) 2% 2 4 e A A v DA 2ok 42 i R () 38 SO0 TAR o FE Bl IRt 9
Fan [51]55 52 28 Bii% 5 A K 2 IR )56 4 30 1R ke, il & 1 A2 1B 111 3D IR SR 22 (In@NF).
TEMICRE R A, AR R AR IngLivs &4, (E A HR)E T M TUURE Ingligs b, MR R
FORLARIE  SEMS S AR . XA B2 R T SRR R T 5SS T B R A TEE TS
TV AR T2 (B VR R, S5 R TEE A7 55 S0 DR R

Qiu AN ¥ T —FTATHES M Co £F4EFE51[52]. 4k ahel 5ix It i, BUIRA AT 4EH)
VER FINE 4K, SRIGEHME Co 474k, TR Li-Co H & 7ML (K 2(a)). BT Co 214k k% id v f7.(49.6
mV)/JE T4 96 i A% L fL A7 (76.8 mV) (] 2(b)), H Co H4EAIZE A 6E(-3.05 eV)im kT4 541 145 &t
(—2.78 eV) (&1 2(c)), Co £F4ERFEAnHEALHIF s, AR 5], BIRTF RS R, 815
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LiZn (111) P 45 & 68 N—-1.96 eV, T Li (110) i ALfA S5 AR 1-1.20 Al-1.21 eV, XEHIHY
LiZn (111)2 [AFEARSRAH BLAEF, TERA T Lizn A& HA RIFISEEE[S3]. &R b3 & 5 i
RO G B R AR RN, R SR SR [54]. BT UL R, Wang 25 ik F B RS
(1) ZnO ZAKAE B FIME M B AT B FLBR 4544 i) = 4E4R X (CM), - il % tH SR8 Li-ZnO@CM #l[55]. EH
EEAVERITR, ZnO A Li OREAEER LiZn AT LiO,. LiZn/Li,0 9K BRFEFISRAL T — NSz i, 515
BRI AIGTR,  [RI GoR AR AR B TON L A8 S ] DA 3 S B d i FE R T R, I FE s 5, (i gk 4
MIER, ARG SRR . A, CM ¥ I 2 ALA5 AR IR ) 2R KR A T R (28 R
], £ 1mAcm 2, 1 mAhem 2[R, 484 ZnO@CM L%t ifih 14 mv, BEAK T CF ) 24
mV Al CM (1) 19 mV, X BEH T ZnO 5] A R SREREE . S5, Gao 55 A7 3D CM A4
Ji% 1 CuO KiRpES, DAk & iR isR e, HAEH S ZnO AL, A8 (AR BRI P RE[56] . FH
T ZnO 1 CuO I %k, Ma % ATEmAT Ll T ZnO-CoO F Kk (1€ 2(d)), #E4ERT RIS 8 #2[57].
7 3 mA cm 2 [IHLIL#E R, Li-ZnO-CoO/CC & & B AR 4 5 ot Bk it 7 ] B s G 34 600 /N LA |,
JEHEARE 11 mV (] 2(e)). 7E 0.3 C N{EH 300 X J5, NCM523||Li-ZnO-CoO/CC 4 Hijth [ 4% & AR Fr
ik 92.4%.
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Figure 2. (a) Flow chart for the preparation of SFI@Li/Co negative electrode; (b) Discharge curves of Co fibers and copper
foils; (c) Binding energy of Co/Cu with Li; [52] (d) SEM images of ZnO-CoO/CC negative electrode; () Time-voltage
curves of ZnO-CoO/CC symmetric cell at 3 mA cm 2, 1 mAh cm % [57] (f) SEM images of MnO,@NF; (g) Mn 2p energy
spectrum of MnO2@NF before and after cycling [58]

2. (a) SFI@Li/Co $1#k B9 &R A2 [E ; (b) Co T4 Fn5ESERIR R BiZk ; (c) Co/Cu 5 Li BY45 & 8¢;[52] (d) ZnO-CoO/CC
TRAIIIEEBEER; () 3 mA cm?, 1 mAh cm ?BIKH T, ZnO-CoO/CC F#RAEthAIRTIE) - /A% [57] (f)
MnO,@NF BI33FEESEEIR; (9) TEEFAT/E MnO.@NF # Mn 2p BEiE[58]
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T 7 BAT OB FH BS v wT M (R K AE R B (1] 2(F)) [58]. ARATTHESERL) MO, 584 78 s 10 1R S R T
TERIEEAGEIA L L A0y LA MR 254 B Mn/LiLO (181 2(0)), IR IRAL 7 = 5 AR VIR A . T8
FrAERE T SRERRT Mn A LiO, EARUTAE RE A, WG UTAR AR DA S BIUR R E TR S i, XM
A LA FHLE J5 SR R P A I G TR . B SRR 3N, AR VAR R I Z M R (I HuiR
W, BAAEESER. ERSEREE)E, GURIERIIEFEAVIEIRE, ANarcEfgy “s e o B
258 20 IRFETLHEIR, MnO,@NF TS BECRFFTCH IR P B S AR B AS o XS RR VIR B, RIfEE7E
3mAcm2, 1mAhcm 244, Li-MnO,@NF thfgfa e HifEER 900 /M LA E. BR T 5| ASEEM R,
MnO,@NF 3z A T 4R (1 EL R HiF1(0.7074 m? g7ty ik A m? g b) DA J HOMURR (40 K AL 45 b th 2 a4
SRR EEFA .

BRItz Ah, SRS R g TT LA R0 SEI TS MR 45 & KA e 1 428 7M. Ponraj [59]455 1t 7 —
FPRTELE 3D HIRH LIS B0 B B T (N-GQDs)TE N R HI TR . &5, Al kIt
t, N-GQD 24 A 5] HAGE M SEL. ik, 4R N-GQD B RUF M e 4a e B 1 S bk,
ARG EAE SEI-IARAR S AL . X Fh 5 VELE &R T SEI A1 3D RIS, a4 TR
IR, 7Em IR TAESM NORRE T SEI [fese, BRK T th SEI SRS R AR TURR IS, G R e 5 5
R TR ) DA e ST 45 4

3. BE51HE

3D WA BB ERERRM T H5, WREBUFA—EBossr . B LRI g,
HLRRL (A AR R ARG I, SEN TR B 38K, AT 3 B30 S AN vl g et 3 o AL, S NSRRI
B (SR T R A TR RS FL R R T AN AR e 1) SEN AR . LR, SREEMPRMFE R R CE R, BT
AFEM A G B E, e E SR ARSI NS, 7T BE 2 AR . 14,
T BT R TEGREE AR S FERE TR RE S, TR BR R e e L2 e S ) -
Pl FEBCT SRR, BATRE e TSI BRI Bn, FATHREERAM TR
A AR B — FAER U FE AR BT VRN SR M, R B RE R B 7326 . TR i RS e MR
e SO T R RN < Je FRL L PR R M AR LA B

H - FLL A 0 P9 A ) SR R < R A BT 1 ) SN, R BT R AR A B R AR AT RS 20 B
PR B S AR K BRI R AR — B B . RIS, 3D AR UK M it AR i I R AR Y
TFRGEME THEZ A RENE . N AR, THREOR AR R 1A IR RUEABE S KT 1 T
SEITE BRI AR S ORI TSR AL 1 58 R ALY o AESREEAPRL BT e b, 38 S T 53R T RE AN 25
FRER AR EE, (HREE TR BOR I R RS, AT 20l e S ik I B TSR B i
SRERPE . BRA ST A B St i A AR AR TR TS MRAT O, 1A BT BT T80 <5 e B A I 44
KEEFIHIBE AN o

Bribz oh, BATESRR AT G2 b SEms (1 R, 78 705 R A < JeR R b ) SE B B 37 55, B 5 22
17 LSRR BEIRIR G L 5 255 T A I AN R PR 3R (R A RE S o 2 AR Mk BRI A 1 [ I T RS
BURHUBEA: ™, 100 2 < o L v BN PR M AR R S B 82 P T B A B 201, X R K R SCR A A e idt
MIHESD /) SEBLEE G R re AT ST T e UES FE K . TR AT, 3D ZRIAARHIPL S B 2 WA . FeAl]
HA5E, 3D SRR A e AN 5 K A Rt A B 9 6 s Tt R S
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