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B 1. AR R E G E G . (a) LC-Li/CC Ml(b) LZ-Li/CC, (c) LA-Li/CC; 4l CC MI&5H) 538 RAL, (d) 26 CC i) SEM
14, (e) HAEZE CC R MIIEIE L% B, (f) Li/CC|/[Cu. LC-Li/CC||Cu. LZ-Li/CC||Cu FI LA-Li/CC||Cu 7G4 R ZEXT H
Fig. 1. The fabrication and structure of the obtained samples and their optical images. (a) LC-Li/CC, (b) LZ-Li/CC and (c) LA-Li/CC.

Structural and lithiophilicity characterization of CC, (d) SEM images of pristine CC, (e) the contact behavior of Li on CC, (f) The cycle Coulombic
efficiency of Li/CC||Cu, LC-Li/CC||Cu, LZ-Li/CC||Cu and LA-Li/CC||Cu asymmetric cells.

K la-c J8/R 7 LC-Li/CC. LZ-Li/CC 5 LA-Li/CC
Mg RERE. B, BEFETERR Lz
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HEEP MBS EZ AN RN &SR, RE

A A R SR - £ SR R K B R S AR S i
¥ CC PHITIsARM, 568 T RIFRshiE 5%
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[, JEREEN 490 um; LA-Li/CC 25K, [N 486
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AL IE AR IE A E AR L@ IS . Wi le, X4l CC R4
PEHEATINAR, 45 RIS CC R 2R HoAE LU
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W CC B 223 U S ST k%, AL E#E—B 5
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ik —# X 3 CC Z4E B 42 55086 S AR EL TR/
FIBAT I sEma, SR AR [R] A A i 7 v 4% T AN
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PUASC A Sl () B R B, IRAEL 55 B8l PR,
B EAR CC 2R Retg R 4L T N 2% Al — & IR T AR
(), H R AR/ B mT P ) B A B . AR T
Li/CC, LC-Li/CC||Cu M1 LZ-Li/CC||Cu I REfaE
PEE e, RUEESMHNTI NGRS E— e i
FERMEPORAT N . 4R, LC-Li/CC||Cu Ml LZ-Li/CC||Cu
P BIAEZ) 60 PE A 90 B8l J5 I BH R A3 R F% . AR
tb2 &, LA-Li/CC||Cu M TE B8 KAFHA Y6 FE P AR FF
AR E (0 PR 22, RIS A S P A R/ g e
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1.2 RIRIESNR

B RS 7 258 (FE-SEM, Supra 55
Zeiss) WLEPITi % 5 G FR A FHRITRA A & T H k)
RMABMEIE . KRR O X JEobiE (EDS,
Aztec standard X-MaxN 20 mm?, Oxford) 1 X Stk fiT5)
{¥ (XRD, PANalytical X Pert instrument) 435 H T#£
it (1) 70 3R AL AN AR S5 10 3 BT o D25 R T 3R T Ak B 1)
AR, AR EERE BN 6T F e ETFERTH
1, 2-—HEH 2% (DME) SHRIR — 4B (DEC) BT
Voo Hor T FARAT Y5 2 HCP330N.

FramA I ERBR SN TFER DAL, KH
£~ 14 mm ffJ LC-Li/CC. LZ-Li/CC Al LA-Li/CC Hi#%
S CR2032 RUSTAR L. BN ESH 1 M
LiTFSI (Sigma Aldrich, #iif 99.995%) 1) 1, 3- %K
¥} (DOL) 5 1,2-—HEFE Lk (DME) JREER, 14
FEEN 1: 1, IR0 1 wt%ld R B . F it R i A Celgard
2400 #EfE. {HH Neware Wl 5 40 WHPR BT FLAL
SPEREI, I H I B4 108 1,04 2.04 5.0 mA em™?

FGURY/ ] B TH 2 &40 518 1.0 3.04 5.0 mAh cm?. @
il A AR, DLRAE AR B IR R e . H
gL (EIS) SR AL TAEuE (CHI1760E) 5%
e MR JEE Y 100 kHz £ 0.01 Hz, ZHRSHIRIE
N SmV.

BETEEERA T2 RWESCE, HilEE
G REEAE, /£ 1 mA em? HEREET
XF B G FRGHEAT ER R IR, JERYEE R B a1
RS B S AT R S A S . fnaUsil (CR2032)
HIBERBHE N TER DAL, FEMPRMER
B ERFFAE 0.01 ppm PUF o & B R FBRER Z MR (EC)
/BRI — LB (DEC)  (RRAELN 1: 1D HikEHR 1 M
(1) LiPFe {E N AR . RV ST AZ I B Ar 3R
MEE ML i, KIEFRRE R E A
|| B2 A ARG FR Bt s 4 B R 2 A R B
-+ LFP B, CNTs@LFP AIE#. LFP IEAIZHE LFP, 3
B (SP) FIEW M LM (PVDF) Jii&Etl 8: 1: 1
HATHIE, K ERMEUMAIEE NMP 7], S3KER
GRS R, B G R RI 51IRE T Al SRR
I, ZTRE, FHEfmPRERR 12 mm HE R
CNTs@LFP IEAR i) £ i 72 2 BE AR DR 2H Ry A 721230,
LFP IEARTE A0 51 8 208 S mg em™2, A HIBF HLAL
FPERERH Neware HLIBINK RGEHATIEL, 7BCEH
JETEFN 2.5-4.0 Vo fERMEREHRIBIE 0.5CL 1CL 2C.
3C. 5C (LFP ] 1 C lLAEEZN 150 mAh g!) Fillix.
PR 22 00K F Ak 2 TR SE i, FEZE N 0.1
mV s,

AWK T % 2 ¥ (Density functional
theory, DFT) HJ#FLEMNIE (Projector augmented wave
PAW) J5 AT 15, FHOCTFEE L Vienna ab initio
simulation package (VASP) 528, M -FA#HIcBkEE K
T S P T bA ( generalized gradient approximation, GGA)
3, K H Perdew-Burke-Ernzerhof (PBE) 2 B3,
NFEEVEEEA BEAER, RA DFT-D3 J7ik4 &
Becke-Johnson (BI) [HJe. #HAAHliH HaeTHE#EL RS
B R RS H, SR T LicAlsy LiZn
LisCu (R TAAE A TR THE . PS4 R A 520
eV KB ResiTE . T A R0 B3 Tt ss, 52
FRATET 0.02 eV/A. K 2X2X 1 k s FRREAT A B
THIDXRAE DL R 2 R B W8k

2 LWERSTTIR
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Y R RS A RHE, AT RS SR RIE ST

10 nm
—_—

St Ae RN SR TS AE T I 2 5, It —
WIRVS LIRS ZE R SR L Y5 SR A% I 4% A 2 )

AR

Intensity (a.u.)

ll‘ ]
| CuPDFA04-0836
45 60 75

2 Theta (dgrees)

10 20 30 40 50
Time (h)

P 2. (a) LC-Li/CC, (b) LZ-Li/CC, (c) LA-Li/CC fJZRTH SEM JESUF1 EDS, #8548 J5(d) LC-Li/CC, (e) LZ-Li/CC F(f) LA-Li/CC ] SEM JE5i
5 EDS, (g) LC-Li/CC. LZ-Li/CC Fl LA-LV/CC ¥ XRD K3, (h-j) E-&FHKH HR-TEM JEF, (k) E& G BRI E N 1 mA cm? B (1)
3R L - I f
Fig. 2. The SEM images and EDS mappings of (a) LC-Li/CC, (b) LZ-Li/CC and (c¢) LA-Li/CC, the anodes SEM images and EDS mappings
of (d) LC-Li/CC, (e) LZ-Li/CC, (f) LA-Li/CC after Li stripping, (g) the XRD patterns of the LC-Li/CC, LZ-Li/CC and LA-Li/CC, (h-j) the

HR-TEM and enlarged images of the composite anode, (k) the voltage time profile of the composite anode with the capacity stripping with current

density of 1 mA cm™.

LC-Li/CC. LZ-Li/CC F1 LA-Li/CC B & fitlk & i
T3 Kot R A 45 AN 2a-c fias. LC-Li/CC Eifi &
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B, R Cu EHRMEREI A MHAERR (B 2a) .
LZ-Li/CC R vl W& REH RN M, TIA7AE R s 4
WE (K 2b) o HILZ T, LA-LI/CC 2N .
B RIZE R, Al JCRAEWEE X IR AN 7 AT AH X355,
RHIA SRR REX S (E 20 » WA 2d AR,
BRI 5 LC-Li/CC H i) Cu e R AN E B f F45 T 758
Xk, FH BN MHALAIM. 5 LC-Li/CC ML,
LZ-Li/CC H ] Zn JL 3 7 BORR A i, (Emiise
BRI w 4R X3, 0 Zn A0 1E CC BRI At 5]
HAE s (B 2¢) o MHEEZTT, LA-LI/CC H11#) Al
TCERLE R T R AT ) 2 B 48 AR 8 50 1 40 A
RMERHE M RRERRAR (K20 . FRgRE
W, AFEEBHNTE CC B ZE 1) 25 (8] 43 A A0 B3 2
S, Hord Al SRR I A ) A AT S A S 1

Wi 2g Ml 2 & ik XRD K, LZ-Li/CC fE4)
40.99°. 74.67° FIfTEHIE S Lizn M AIARAERT S IG AR LD

(JCPDS:03-0954) , FW] zn S LT 5410
Mo BEITE b [F] AAAE BRI & B AT g, X5 E G0
WRE &AM S M REA — 8. LC-Li/CC 1E4)
42.56°, 49.5° HHIL T Li-Cu AHCPIH AT T IERY, M
T&JE Cu brdENTHIIE, FHORUEAI KA —E WM, KW
Cu FIFEIM s kg R R A T B0, XHF Li 5 Cu 2R+
BBV SN o HATH AR IRBE, Ut IZ AR
A R 4 i AR B B R IR AR T &5 RST s LA-Li/CC £
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R LicAls & & AHIETE 5itk HEBREERUIK, 456 Al
TCEMIBI I AT EE B, Y Al SERTE B & 4 AT dioki 1)
SlRE T EAA T, 454 XRD ¥M 0 K Li-Cul®l,
Li-AIPSAI Li-ZnP A, EATEFL 0 & R BT,
Al. Zn H1 Cu 3 A S ETE A% 1AL & B AH . o,
LA-Li/CC (1) LioAls AHZ I H BEANZESE | 35 5] 2 1) 43
1, BRITEBORVEE M5 SR s g A 5, FHFrTRefe
AL [FDE Bz 58 500, At Z R, LC-Li/CC Al
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AR T LisAls AHEI(7 0 1)&hTH; LZ-Li/CC (& 2i)
0.36 nm F &A% [ FE X B2 LiZn AHEI(1 1 1) &1 s LC-Li/CC
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59 36.9. 41.3 F143.9 mAh cm?2. =ME & bR
HE R B R B AR R, Hdh LA-L/CC Af &
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2.2 SARIEIRERIRITARENIERR
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K 3.(a) LC. LZ f1 LA XF Li'"iFtGE, (b) E&HARA | mA cm? IR E FEAZLBAL, (c-e) LC. LZ A1 LA Z4 57, (f) LC.
LZ 1 LA I RAE, AN E SRS AR e AN [F] B 25 B N PG R B, () FRVBIEIA T A AL S B, SR BN RCRESE, (h)
7E 1 mA em? R E, PN 1 mAh cm X FR BLIBE A M AE, (1) 2 mA c2 FI(j) 5 mA em? LI 25 B 1% FR L TILAG 3414 B

Fig. 3. (a) Corresponding Li ions adsorption energy for LC, LZ and LA, (b) the comparison of Li nucleation overpotentials on composite

anode at 1 mA cm™, (c-¢) the surface differential charge for LC, LZ and LA systems, (f) the formation energy of LC, LZ and LA, the

galvanostatic cycling performance of the symmetrical cells with different anode at varied current density, (g) the electrochemical

impedance spectra of the cell before cycles, the inset is the equivalent circuit diagram, the cycling performances of the symmetric cells at

(h) 1 mA cm? with 1 mAh em? and at (i) 2 mA ¢cm? and (j) 5 mA cm™ with 1 mAh cm™2.
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Nt — 25 W IR AN R B S A X B DURR AT N R i 1
A, KH DFT 5 T Li J]E T4 LigAl LisCu
LiZn A FEMEF SR E AR RAT Ao 5 R8 21 5 — T A
B LR /R 2 f 5 & B P RE R B 10 2 Fh L T 46
M, BT AR T A AHr(100). (1 10)HI(111)
PLE(1 0 DFRMBERILS, ik =Fh & S B BH R
BAZ AT, LicAlLy(1 0 0)IHI R Li WP RERRAS, 4-1.154
eV, f&F LiZn(1 0 0)Ifif7-0.967 eV F1 LizCu(1 1 0)[HF
-0.798 eV, Wifftpeiidn, W Li i1 53R I8 AH B
VERIBRGR . DRI, LisAly FRTHIXT Li F I H FE 3 AW Ff e
77, ULHA LA 7R R AR L TRUR ) BSR4 55 I Y
FrHAIE. A A CC B ALl BI04,
LioAly 7ERR VG PR LSRRG PEAT 55, FRARAS [ X 35
IR R 22 5, TR 3R 2R R 35 S0 AR ).

NIGUEAS [F) & A SO BTG AT M R, DU
R T Li #£ LC-Li/CC. LZ-Li/CC. LA-Li/CC 1 Bare Li
FRR B T TR E S 2% o 2B 3b B, DUARA) Y
T I I BT B B0 B AR T 6 OO R, B S R IR
B [ 5 AN AR R DR & o A% AL ) UG
A% B AR LS 5 5 8RR 8 DURRT & FUE 22 R ZE 1 28 0F
B, TPt ol 5 s IR SR BE 22« £ 1 mA em™?
(R E N, Li #£ LC-Li/CC. LZ-Li/CC A Bare Li
A% BT 2 I 144.8. 145.7 mV BLJ% 163.1 mV.
MAE LA-L/CC PRI ZIS A A 58.9 mV. K H
LA-Li/CC fefis 2% Li TEA%A 2. U519 A 1)
LicAly & & A0 Ae8 $2 = & SR BE AL A, AR T2
HEER 5 5 B

NiE—B T Li 5ARE SR 2 [/ i BT A
YEF, RHERSAT T 2% 4 B fei % FE A0 Bader HLAH 24T o
W 3c-e s, ANEERTE Li W7 S 5 H B —
EFEE AT BB A, Hb LibAlL R RTE Li 5EK A
MR EH R FEE SRR, R -HZ
() A7 76 50 58 (1) ST AL o AH FLAE o Bader HLAG 4 AT itk —
IR, LifE LAl R AAHEERETEIEE, 5
S R gE R AW &, ML 4 )2 T T B
LioAly % Li HABGRI ST SEAEN . TERiRE & 4
FATE R IR 1) TR R, &SR E |
TERIRS) 1k AR IR BOR T %, IR H R
e H R R 5800, I 3 ATAL, Li-Al AR
T R BE R N B (-2.22 eV) , 2B H B A T i fa e
G4 Li-Cu 7R RIERLEEN-1.75 eV, BRB) S AT 55
M Li-Zn /K RIEREEN 0.13 eV, BaRHEEMHEEEEAR
JEo 254G SEM-EDS "1 LA & R B L 5] 0 &R 400,
A DAHED, Li-Al 44 556G F) T 76 & B ALk o % st /s B

et A=E T
EETE: HEAREFESHHE (22179055)
TEE R

BISI53 U LioAls A& AH, AT AA E % 22 1) S B Vs P
%, 2T, LC M LZ kR HERASE 5K
HREE R, R S A S R A ES .

Al B AE FIB R SR T T, R R FRLI
BRYUAR AN R B IE A 1 AL A M REEAT B AL . S %
LA-Li/CC|[LA-LYCC X & H i, 5 Z X i 2
LC-Li/CC|[LC-Li/CC . LZ-Li/CC|[LZ-Li/CC Al Bare
Li|Bare Li. B 3g NARMBHKE EIS 14k, EIEHT
LA-Li/CC St FHEPT N 133.8 Q, KT LZ-Li/CC f 152.7
Q. LC-Li/CC ] 182.6 Q LA Bare Li ff]202 Q. &
LA-Li/CC I BRI B i 5% 7% FBHL, A6 B TR 3 &)
TR, it — 2P A R B A R K IE R Fa e v
W 3h fron, £ 1 mAcem?, 1 mAh em?2 &R, %=
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Uniform plating

[ S S

B4 75 1 mAem? HRZEE T, /25L0L 1. 3 Al 5 mAh em? (I % & 7E (a-c) LC-Li/CC. (d-f) LZ-Li/CC F(g-i) LA-Li/CC iRV 5 i)
SEM FE{%, (j, k) LC-Li/CC A LZ-Li/CC, (1, m) LA-Li/CC IR R ZEH.
Fig. 4. The SEM images of Li plated on (a-c) LC-Li/CC, (d-f) LZ-Li/CC and (g-i) LA-Li/CC at 1 mA cm™ with areal capacities of 1, 3, and 5 mAh
cm?, the schematic diagram of Li plating on (j, k) LC-Li/CC and LZ-Li/CC and on (I, m) LA-Li/CC.
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5. (a) LC-Li/CC||LFP. LZ-Li/CC|[LFP. LA-Li/CC||LFP Fl Bare Li|[LFP 7E 1 C K/EFFIERE, (b) A HMIEFRATH EIS, (c) 4 HEIBIEHR
L, (d) BERER, (e) 762 C KIEHMERE, ()2 C AR, (@ ARFIER S C KA.
Fig. 5. (a) The cycling performances of full cells at 1 C with LC-Li/CC||LFP, LZ-Li/CC||LFP, LA-Li/CC||LFP and Bare Li||LFP, (b) the EIS and (c)

CV curves of the cells with the hybrid anode full cells, (d) the rate performances of the hybrid anode, (e) the cycling performances of the

hybrid anode full cells at 2 C, (f) the capacity comparison of the hybrid anode full cells at 2 C, (g) the cycling performances of the

different cathode full cells at 5 C.

NV AR A SO AE A i it (9 S MERE, 40
PL LA-Li/CC. LC-Li/CC. LZ-Li/CC # Bare Li N #%,
5 LFP IEARA#E i, B Sa BRIAAHEME 1 C
R TGRS, BKTF, LA-LI/CC|LFP fEXI4H
RESIEH R T R I W B HAIRIEE
HON 13524 mAh g, 7EFF 500 P S V3 0R KR 93.75 mAh

g's Mtk Z R, Bare Li|[LFP #J4A L 2214 131.34 mAh
gl (AERFIEA RS POE IR, TEFF 100 &2 & 22k
% 74.86 mAh g'; LZ-Li/CC|[LFP #I4A8 H L F = Z4H
128 mAh g', ¥ 372 BG4 2 54 mAh g';
LC-Li/CC||LFP #J4A b %5 &8 118 mAh g, HIEJHHY]
HHED BB, P53 260 B G F% A 69.78 mAh g,



<2 Wity El@pRLS TR

E i

RS REW, LA-Li/CC|LFP EA B MG Fa
SEVE. AN A I 2 R AP A 22 5 T e R R SR
DURR /R B AT Jy fn 5 AR € M K. LC-L/CC
LZ-Li/CC HspR A AAEA TR BT E 5, 8
TR Gy b T3040 X 4k, AT R e ) 7 T ) S R ARl
B M2 T, LA-Li/CC " LisAls & 448545 5 0
HESE, Y5, ReWEHLILTE A Y I T R SRS AL A
PRI 3 5 A% S5 UTRY, ISR N S TH AR 8% 4k
T 8 e 4 L D P R

A HTAS [ A B R RI46 SRR B 5, R AR
R AL 2 P P RE AT TR, W B SbOAT R,
LA-Li/CC|LFP. LZ-Li/CC|[LFP. LC-Li/CC|[LFP £ Bare
Li|[LFP M IR BAST4 A4 105.3. 148.5. 251.5 F
336 Q. H, LA-Li/CC||LFP I H &/l i) S m FE 3,
i B JFG B A G B R ) ST AR A A% B ) S AR )
GEIRAL -

Nk 35 VP AG 70 T R R s B AT 3 S B 7 A
TN, WARMEAT R 2 (CV) MR, FHEEE R
0.1 mV s, Z5RME Sc frox. CV MiZH ik m 5 & A
TAUVEE 43 ST I A A 06 5 0 iR 0 o A Ak e 5 3 T e 1] i 0
[ FEAT 22 AR W] F-T-3RAE 4 Ao it (1 BE R AL RS s RS,
AE /N, U BA 70 T80 S S ) TR ARG L B ) A AR
PLo LAZE 4 18 CV £ B, LZ-Li/CC||LFP HIiE /4
fRIERI T 3.061 V 5 3.808 V, Xt AE A 0.745 V;
LC-Li/CC|[LFP KR/ A fblsAi N 3.148 V 5 3.741 V

(AE=0.593 V) ; LA-Li/CC||LFP HJif /B Ak Ay
3213 V 5 3.683 V (AE=0.47 V) , 1fj Bare Li [/
AE=0.740V . %A WL, LA-Li/CC||LFP B4 & /M AE,
W B LA F A ARG, I B A S R ) ST RSB
JIEFE LR AT M. E— R LA-Li/CC B
B TGS R I R 8h /12 5, NS m 2
T K HIE R A2 e MR

VAN [F) B A GO ht 4 P b RS 7 50 PR RE TR 52
e, E— AT TR, Wi 5d R, BB
RAE 0.5+ 1. 2. 3 FI 5 C AR TEN, FM/5IKE 2 0.5C.
B8 LA-Li/CC|LFP fE &R FE L AR & T
HAh =4, HAE05C. 1C. 2C. 3C. 5C FIRjK
AN 147, 138, 130.9. 121.4. 111.54 mAh g!,
MW E] 0.5 C B, A ELZF R AT R 3] 145.3 mAh
g's ML F, LZ-Li/CC||LFP. LC-Li/CC|[LFP 1 Bare
LiLFP , £ & & & T B L& &% E MK T
LA-Li/CC||LFP, JtH & Bare Li||LFP 7£ 5 C HIf&R T %
WOTE, 1E S KAEHA, M 97.81 mAh g! BLEE] 50.76
mAh g'. #ELZ N, LA-Li/CC|[LFP 7 & % RG340 J5 1
etk Fiim A E, RPH BRSNS R EA REFrmr

UL
NE— VP R R T KRS R e, 1E 2
C 26 XS VU4 A= AT THREA IR W& Se B,
LA-Li/CC|LFP RILHFERMEZ IR ST, VIHILLE
HON 128.98 mAh g, fEFF 500 [& /5 PREF 93.82 mAh
g!, HBAEEREERENTE. Mtz T, Hia=4d4
F b 11 2 T ek B O W i - Bare Li|[LFP )2 B FE G A 45
SRR, fEAE 200 FEIBFFEAE 50.18 mAh g
LC-Li/CC|[LFP #J45%) 121.01 mAh g, J£7EZ) 172 )5
LB R gk, FEFF 200 [EBE & 44.46 mAh g
LZ-Li/CC|[LFP #J#5%7 123.99 mAh g, 7E¥F 235 P8 )5 %
% 5721 mAh g'e B S E—P 0 TR RS 2.
100 . 200 A1 300 BB RHEERE, FRER
LA-Li/CC|[LFP #£H J5 JAE P Hh i 2 O FRF B iy 1) Pl 45
&, R LA-LI/ICC HAMMAER SR N EAHEI5E
MK s S fa ek . [/ CNTs@LFP fENIEWH, 5
LA-Li/CC b 2H %% il 4 st (LA-Li/CC||[CNTs@LFP)
& 5g i, LA-Li/CC|[CNTs@LFP 1£ 5 C %&4F T ¥tk
EL &8N 107.54 mAh g, 243t 400 RIEH G, HLEE
4k FF/E 10023 mAh g, BEHRFEN 932%.
LA-Li/CC|ILFP £ 5 C & NHIWIIEL A RN 105.05
mAh g, XIS 50 RTPE G, LLAEMZ 70.18 mAh
g, LA-Li/CC||CNTs@LFP 7E Lb75 & A1 3R A2 e v 07 T
YT LA-Li/CC||LFP. LA-Li/CC||CNTs@LFP 2 fiff LA J&
DL AR ERE, FEEIAR T H AR LA-Li/CC
LioAls FISRENE DA K951 534, 456 CNTs@LFP =4EF
B, AR T Litf 7 R a4, He sk 85
iR, i, LA-Li/CC|[CNTs@LFP 1E &5 R EH i
EMERILE .

34

(D) @R 48 R A A & 5RE, 18 CC
Y SRR T S LIS A LicAls & 44
A S AHRE U T R 5 O T SR AR N 28, A AL
PRARE %A 22, (Rt & B S ik ST, H8
fige Je S P IR B BE AR PRI R S A K

(2) 1525 T35 50 SR8 5 AN AR () AR TR/ 3 S
TN, LA-Li/CC MFRHIAE 1 mA cm?, 1 mAh cm?
ZAF T ATREEIEFR 1200 h, HERFF2) 56 mV KA
H R, RIS A R B AR o R0 L T m a2k

(3) 54£4; LFP IEARA S 4 riith, 762 C T1F
W 500 PEfECEEEAENTA 93.82 mAh g, K
LA-LI/CC E& MW EA RIFrH m s 8 TIER
71. 5 CNTs@LFP IEARVCHECRS, FEff LisAl &4
RHMES 5 An, nlEdk AR TS A J8/D FEAE



AR B R R PR AR R s A HIAE 5 C R
400 FEI51RFF 100.23 mAh g! EEEE, BEMARFRIA
93.2%, JEILHAL S FIfER IR STEIERE.

(4 KA R T =45 &S W A0
B ) B R« DUAR T S0 AT F Ak 5 1 e 1Y) B
Mo JE I TR = AERR e R R AR A A S
SEHLNGE, iR A 4B A O I S iR
BT AATI®E, JEAERER. KGamie s it i Jf
RPEHET LI .

SEHL References
[1] Xu Qingshuai, Li Tan, Ju Zhijin et al. Nature[J], 2025, 637(8045):
339

[2] Ko Seongjae, Obukata Tomohiro, Shimada Tatau et al. Nature
Energy[J], 2022, 7(12): 1217

[3] Hou Xianhua(f% %% £), Hu Shejun(# 4t %), Ru Qiang(J& #) et al.
Rare Metal Materials and Engineering(# 4 /& #-5 LFA[1],
2010, 39(12): 2079

[4] Liu Dianying, Wu Bingbin, Xu Yaobin et al. Nature Energy[J],
2024, 9(5): 559

[5] Qian Zhihui(£%:E E), Zhu Qin(42E), Ma Jiao( %) et al. Rare
Metal Materials and Engineering(# /G 1 #-5 TF2)[V], 2025,
54(5): 1307

[6] Wang Mengxiang(F 2 #f), Xu Jiaxin( % %), Qin Tianxin(E H
%) et al. Rare Metal Materials and Engineering( 4 # /5 #]
5 TR, 2025, 54(1): 224

[7] Geng Hongxia(BKZL.75), Mei Ao(If#%), Lin Yuanhua(#kJC4E) et
al. Rare Metal Materials and Engineering(# # & /81 #/-5 1T
FI[],2017,46(1): 7

[8] Xie Yuxiang, Huang Yixin, Zhang Yinggan et al. Nature
Communications[J], 2023, 14(1): 2883

[9] Zhu Xiaoxia, Cheng Hongwei, Lyu Shuangbao et al. Advanced
Energy Materials[J], 2023, 13(24): 2300129

[10] Wang Huiqun, Mao Yuxiang, Xu Peng et al. Energy &
Environmental Science[J], 2025, 18(5): 2622

[11] Liu Yujing, Tao Xinyong, Wang Yao et al. Science[]], 2022,
375(6582): 739

[12] Liu Tiancheng, Hu Qiyang, Li Xinhai et al. Journal of Materials
Chemistry A[J], 2019, 7(36): 20911

[13] Wu Wei, Ning De, Zhang Jianhua et al. Energy Storage

Materials[J], 2023, 63: 102974

[14] Guo Baochun, Guo Peiyan, Zhao Guohao et al. Sustainable
Energy & Fuels[J], 2022, 6(18): 4137

[15] Du Junmou, Li Guocheng, Tan Yuchen et al. Inorganic Chemistry
Frontiers[J], 2025, 12(8): 3137

[16] Li Yijuan, Li Junpeng, Xiao Hong et al. Advanced Functional
Materials[J], 2023, 33(14): 2213905

[17] Cao Zhiguang, Yang Yuebei, Qin Junling et al. Chemical
Engineering Journal[J], 2022, 427: 132026

[18] Sun Changzhi, Li Yanpei, Jin Jun et al. Journal of Materials
Chemistry A[J], 2019, 7(13): 7752

[19] Ma Yong, Gu Yuting, Yao Yuanzhou et al. Journal of Materials
Chemistry A[J], 2019, 7(36): 20926

[20] Cheng Junjun( [ & 1R ). Rare Metal Materials and
Engineering(F# 1 & /&M #-5 TF)[I], 2024, 53(5): 1429

[21] Liu Yuhang, Sun Jinmeng, Hu Xiaoqi et al. Nano Energy[J],
2022, 94: 106883

[22] Guo Chi, Guo Yaqing, Tao Runming et al. Nano Energy[J], 2022,
96: 107121

[23] Mi Yeqian, Deng Wei, He Chaohui et al. Angewandte Chemie
International Edition[J], 2023, 62(12): €202218621

[24] Yang Jian, Chen Cheng, Khan Kashif et al. Journal of Colloid
and Interface Science[J], 2023, 630: 901

[25] Gasior Wiadystaw, Onderka Bogustaw, Moser Zdzistaw et al.
Calphad(J], 2009, 33(1): 215

[26] Hallstedt Bengt, Kim Olga. International Journal of Materials
Research[J], 2007, 98(10): 961

[27] Liang Yu, Du Zhenmin, Guo Cuiping et al. Journal of Alloys and
Compounds[J], 2008, 455(1-2): 236

[28] Tran Richard, Xu Zihan, Radhakrishnan Balachandran et al.
Scientific Data[J], 2016, 3: 160080

[29] Cao Liang, Chu Mingjing, Li Yue et al. Advanced Materials[J],
2024, 36(41): 2406034

[30] Hu Xin, Zhao Lingfeng, Xiao Licheng et al. Advanced
Functional Materials[J], 2026, 36(25): €26185

[31] Jin Chengbin, Liu Tiefeng, Sheng Ouwei et al. Nature Energy[J],
2021, 6(4): 378

[32] Liang Keyue, Yuan Xintong, Liu Bo et al. Energy &
Environmental Science[J], 2025, 18(18): 8487

Preparation of Lithiophilic Li-Rich Alloy Anode with Uniformly Distribution for
High-Rate Lithium Metal Batteries
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Abstract: Lithium metal batteries (LMBs), owing to their exceptionally high theoretical energy density, are regarded as one of the most promising


https://www.nature.com/articles/s41586-024-08294-z
https://www.nature.com/articles/s41560-022-01144-0
https://www.nature.com/articles/s41560-022-01144-0
https://rmme.ijournals.cn/rmme/article/abstract/20101203
https://www.nature.com/articles/s41560-024-01488-9
https://rmme.ijournals.cn/rmme/article/abstract/20240034?st=article_issue
https://rmme.ijournals.cn/rmme/article/abstract/20240034?st=article_issue
https://rmme.ijournals.cn/rmme/article/abstract/20230716?st=article_issue
https://rmme.ijournals.cn/rmme/article/abstract/20230716?st=article_issue
https://rmme.ijournals.cn/rmme/article/abstract/20141120
https://rmme.ijournals.cn/rmme/article/abstract/20141120
https://www.nature.com/articles/s41467-023-38724-x
https://www.nature.com/articles/s41467-023-38724-x
https://doi.org/10.1002/aenm.202300129
https://doi.org/10.1002/aenm.202300129
https://pubs.rsc.org/en/content/articlelanding/2025/ee/d4ee05862c
https://pubs.rsc.org/en/content/articlelanding/2025/ee/d4ee05862c
https://doi.org/10.1126/science.abn1818
https://pubs.rsc.org/en/content/articlelanding/2019/ta/c9ta05335b
https://pubs.rsc.org/en/content/articlelanding/2019/ta/c9ta05335b
https://doi.org/10.1016/j.ensm.2023.102974
https://doi.org/10.1016/j.ensm.2023.102974
https://pubs.rsc.org/en/content/articlelanding/2022/se/d2se00910b
https://pubs.rsc.org/en/content/articlelanding/2022/se/d2se00910b
https://pubs.rsc.org/en/content/articlelanding/2025/qi/d4qi02971b
https://pubs.rsc.org/en/content/articlelanding/2025/qi/d4qi02971b
https://doi.org/10.1002/adfm.202213905
https://doi.org/10.1002/adfm.202213905
https://doi.org/10.1016/j.cej.2021.132026
https://doi.org/10.1016/j.cej.2021.132026
https://pubs.rsc.org/en/content/articlelanding/2019/ta/c9ta00862d
https://pubs.rsc.org/en/content/articlelanding/2019/ta/c9ta00862d
https://pubs.rsc.org/en/content/articlelanding/2019/ta/c9ta08687k
https://pubs.rsc.org/en/content/articlelanding/2019/ta/c9ta08687k
https://rmme.ijournals.cn/rmme/article/abstract/20230169?st=article_issue
https://rmme.ijournals.cn/rmme/article/abstract/20230169?st=article_issue
https://doi.org/10.1016/j.nanoen.2021.106883
https://doi.org/10.1016/j.nanoen.2022.107121
https://doi.org/10.1002/anie.202218621
https://doi.org/10.1002/anie.202218621
https://doi.org/10.1016/j.jcis.2022.10.025
https://doi.org/10.1016/j.jcis.2022.10.025
https://doi.org/10.1016/j.calphad.2008.10.006
https://doi.org/10.3139/146.101553
https://doi.org/10.3139/146.101553
https://doi.org/10.1016/j.jallcom.2007.01.154
https://doi.org/10.1016/j.jallcom.2007.01.154
https://www.nature.com/articles/sdata201680
https://doi.org/10.1002/adma.202406034
https://doi.org/10.1002/adfm.202526185
https://doi.org/10.1002/adfm.202526185
https://www.nature.com/articles/s41560-021-00789-7
https://pubs.rsc.org/en/content/articlelanding/2025/ee/d5ee02275d
https://pubs.rsc.org/en/content/articlelanding/2025/ee/d5ee02275d

4 WA A RS TR #5114

next-generation rechargeable battery systems. However, the practical application of LMBs is severely hindered by the nonuniform growth of
lithium and the formation of dendrites during repeated lithium plating/stripping, which compromise their cycling lifespan, rate capability, and
safety. The insufficient number and uneven spatial distribution of lithiophilic sites are among the major causes of localized preferential nucleation
and nonuniform lithium deposition. In this study, a composite anode fabrication strategy based on the in situ alloying and infiltration of molten
lithium is proposed. An LA-Li/CC composite anode was prepared through the in-situ reaction between molten lithium and Al, accompanied by the
simultaneous infiltration of the carbon cloth scaffold. The LisAls alloy phase was uniformly dispersed throughout the lithium-rich matrix and the
three-dimensional carbon cloth framework, thereby forming abundant, continuous, and uniformly distributed lithiophilic active sites. This structure
reduces spatial variations in lithium nucleation, promotes uniform lithium plating/stripping, and suppresses dendritic lithium growth.Benefiting
from these structural advantages, the LA-Li/CC symmetric cell operated stably for over 1200 h and maintained a low overpotential of 56 mV.
Moreover, the full cell assembled with LA-Li/CC as the anode retained 93.2% of its capacity after 400 cycles at 5 C, demonstrating excellent
high-rate cycling stability. This work reveals the important role of the spatial distribution uniformity of alloy phases in regulating lithium
deposition behavior and electrochemical performance, providing a new strategy for designing high-rate and long-life composite anodes for lithium
metal batteries.
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