%378 5124 T WL MR 2 AR Vol. 37 No. 12
2022 4F 12 H Journal of Inorganic Materials Dec., 2022

XEHS: 1000-324X(2022)12-1337-07 DOI: 10.15541/jim20220208

E R MABRLR LIS IHRMA K E(RTEEI TR

R mEE, 2RE, M, TER FARE

(EAREITRF HHHFE TRFKR, LiE 200237)

 E: A4 A IR A SRR A B, R R I A RS I R R — o AR,
G B SONRAE S S TORY R Bt R e, S v Gt 2 H AN R DU P AR o A K, 0K T S I R LV T PR B
A e A . AWRFERE T —Fh SR AN 1w, (ERRGKE LIRS R AN K IR, IR IR (8 i ML AR 9 R T
FAERE 4 IR MR BT A . W FCR B, TS AG 5 1) B 0 K JBURE P k25 (R4 8 S AR, R R ARG, AT 3 e
M4 I P LA 2 VR . FE TR 1 mA-em T ISR R, BT BI@CONT/Cu S Ji A (f 41 4 F i 1 2R 300 [ )5
FECE TR ETE 98%. T Li@Bi@CNT/Cu Ful (15 FR L ith ] F2 8 P 2R 1000 ho 2T Bi@CNT/Cu S Ji Ak (1)
B 2k A1 (LFP) & i B3R 15 T A0 S 0 sBAL 22 R RE, 76 1C(170 mA-g WE R T AR E T8 700 M. AW 58 A4l o 4
J& SRR it AR AR B T B R

% 8 i AR MELE; HYVKRITRL LR

REISES: 0646  LEARERD: A

In-situ Modification of Carbon Nanotubes with Metallic Bismuth
Nanoparticles for Uniform Lithium Deposition
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(School of Materials Science and Engineering, East China University of Science & Technology, Shanghai 200237, China)

Abstract: Lithium (Li) metal is one of the most attractive anode materials for the development of high energy density
batteries due to its high theoretical specific capacity and low electrochemical potential. However, during the repeated
deposition/stripping of Li metal anode, irregular Li dendrite growth inevitably takes place, which seriously affects the
cycle life and safety of Li metal batteries. In this study, a simple and mild strategy was developed to in-sifu modify the
carbon nanotubes with bismuth (Bi) nanoparticles, followed by coating the as-prepared materials on the surface of
commercial copper foil as current collector for Li metal anode. It is demonstrated that the in-situ modified Bi
nanoparticles promotes the uniform Li deposition, thereby inhibiting the growth of Li dendrites and improving the
electrochemical performance of Li metal batteries. Under the current density of 1 mA-cm %, Coulombic efficiency of
Li|Cu cell based on the Bi@CNT/Cu current collector maintains 98% after 300 cycles. Meanwhile, the symmetric cell
based on the Li@Bi@CNT/Cu anode can maintain the stable cycling for 1000 h. When it is applied in LiFePO, (LFP)
full cell, the Bi@CNT/Cu current collector also exhibits excellent electrochemical performance, which can retain the

stable cycling for 700 cycles at the rate of 1C (170 mA-g ). This study provides a new strategy for suppressing
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dendrite growth of Li metal anodes.

Key words: Li metal battery; Li dendrite; bismuth nanoparticle; current collector
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Fig. 2 Microstructure characterization of samples
(a) XRD patterns of CNT and Bi@CNT; (b) Total survey and (c) high-resolution Bi4f XPS spectra of Bi@CNT;
(d, ) TEM images and (f) EDS elemental mapping of Bi@CNT
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Fig. 3 Coulombic efficiencies of Li|Cu cells based on Bi@CNT/Cu, CNT/Cu and Cu current collectors at
(a) 1 mA-cm?, 1 mAh-cm?and (b) 3 mA-cm 2, 1 mAh-cm?; Capacity-voltage curves of Li|Cu cells based on
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Colorful figures are available on website
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Fig. 4 SEM images of (a) Bi@CNT/Cu, (b) CNT/Cu, and (c) Cu current collectors in Li|Cu cells after 50 cycles; (d) First
cyclic EIS plots of Li|Cu cells based on Bi@CNT/Cu, CNT/Cu and Cu current collectors, and voltage-time curves of symmetric cells
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Colorful figures are available on website
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Fig. 5 (a) Cycling performances and (b) rate performances of LFP full cells based on Li@Bi@CNT/Cu, Li@CNT/Cu, and
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Colorful figures are available on website
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Table 1 Comparison of electrochemical properties of copper foils modified by different materials

Symmetric cell Li|Cu cell
Current collector (?;rsrftl}l/; stripiililglf:l:;icity/ Cycling (?el;rsrftl; g;;lct:liltl}%/ Cycle Coqlombic Ref.
(m A~cm’2) (m Ah'cm’z) time/h (m A‘cm’z) (m Ah~cm’2) number, n  efficiency/%
Bi@CNT 1 1 1000 1 1 300 98 This
2 1 260 3 1 100 96 work
SMC-2 1 1 220 0.5 1 210 97 [21]
PDA 0.1 0.2 800 1 1 100 96 [22]
3D-CuZn 1 1 450 1 1 150 95 [23]
Li-MMT 3 1 70 2 0.25 100 97.9 [24]
LHCE 1 1 700 1 1 200 99.1 [25]
NMPC 0.5 0.5 400 1 1 200 98 [26]
Duplex Cu 1 1 880 1 1 300 97.3 [27]
Ti;C,T, 1 1 500 1 1 250 98.4 [28]
q-PET 3 1 100 1 1 100 98 [29]
SF 3 3 350 1 1 200 96 [30]
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