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Fig. 1. Schema of static and dynamic challenges of anode|electrolyte interface in all-solid-state lithium-metal batteries2>23.

228805-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 69, No. 22 (2020) 228805

A R 1 BELAS L A% 0 Bl g e e L
Al 22 L L 41 285 R e S AN BT L g o, 5 8 25
- Y %) S L BT R T (SET) JRSERLEL Sy
FHER A5 A0 (LLZO) 5 4 J #7422 fi )5 38 2o AE 3%
T FE IR & A DU 5 A LLZOVT, {47 5 4h LLZO
A4 SRR % W 9; Li-PyS,y, LisPS,, LisS-
P,S; FIH R 88 (Argyrodite) BI4H B 1 3K Liy
PS;X(X=Cl, Br, I) 74 i 4 J@ 81 J5 B ik )i, 3477
T T LiyS Al LigPHs49-51 LiPON 54>
JRBRAE AT, 238 7 i /N L A 2k BT, B
n LisPO,, LisP, LisN Al Li,OF2. ik, ik
LA T 5 4 SR B A i St TR . 55 11 R 3t
TAAA Eb, JHL R T, i AN Ay I [ 2 A e o S
XF 4 RARAR A 1.

WH BRI A HEBEHT AT LA R ok A LA =4
i e, SR A AR SO L, R 2B
7 B AR AR A AR B S L X AL A
LLZO, FHfl)Z R B FH R BT 74— g .
LipS 2 it A1 285 [8 285 v figh o 5t 10 )2 1) £ 287 ),
1M LiyS YT HLFHAC 108 S/em, (KT LGPS
(Z9°4 102 S/em), LiyS-PyS5(103—102 S/cm) Fi
LigPS;X(10—10"% S/cm)!16:5051, FLii A5 J5 4k [
NGEN (9w TP 2 T R G T )
BB IR, JFR R AT A T, B
1T F S A AR R R SR PR AR 1 LR, RVl i
S I IO 7 ) ) L FL S AR AR, AT AR 5 441D
il 5 & B S, P Ak St g g g
ity > B 11 BHAT AG 2 i 465151 Wenzel 55 [46] 5 15 X}
PR ) 45 e - T2 0 A T S AL e B
LGPS 1Y F il )2 1E—4E 5 Al 1H R FE 2924 370 nm,
Li;P3S,, B92920 23 nm, M2 LGPS By 7 1 fH
L2499 4600 Q/em?, T LizPyS,, HIZIH 280 Q/em?.
Argyrodite %I i £k 4y [ 2 H A 5 4 5 1w BBt 7E
LAEJE 2928 300 Q/cm?, 7E 10 4 J5 W =55 24 1000
Q/em?Pl; S5, T2 H e S5 R 4 J 48 22 (] 114 ¥ i
P25 S E B

2.2  YIBfEfmZE o)

VFZTOHL I 25 i i TR R e, T 2 s o).
X TP R - A AR G 2 B PR i Ty P
1) AF SR AR (AR PRI ): WS B R i
fifp [ PR B AR A B e T 9K g, AR B AR AT A R
AT O T R A 2) S0 IR - 38 i e - [ 5

AL BT AR SE IR A . SR, B AF AL — L8 S ]
R ZR, Ho OB AR AR 1, 7 W0k 18k
118 5 B, DA T 400 A AR A [T 4 BB ST 07 A
LLZO [ 75 i fifp 575 1 < Ja U T AR 3%

WS A DURAT AR BT S, REREAT R IR
TR L F AR R FLB, KT R AR R AR R Y 1 e
T EiPANE N T DR el o i et RO R N R S e
P, BN LLZO P % A il 5015 4 T PR IR T 45
72, it SEM & B, 76 H A AR 22 1 05 U2
SRS, AAEVF 2 AL (LI 2), A2 kel
SR, HolaE S e iR sam e A2
BB, A A A I A r AL PR RE.

K2 KA LLZO [ 25 i 5T -5 Jm 27 50 i 00 491 4l
F WiMEE (SEM) El5 B4

Fig. 2. Scanning electron microscope (SEM) image of cross-
section garnet-type Li;LagZryO;, (LLZO)|lithium metal in-
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Fig. 3. Schematic illustration showing the conversion from contaminated Lig,LasZr; ,Tay05 (LLZTO) to LiF-coated LLZTO by
NH,F treatment, and the surface stability against air exposure and hostless evolution of Li metall6™.
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Fig. 4. Timeline of imaging and characterization of Li-metal anode|solid electrolyte interfaces.
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Fig. 5. Three different irregular deposition of lithium metal: (a) X-ray tomography, (b) three-dimensional reconstruction, (c¢) schem-

atic diagram of growth mechanism of void type; (d) X-ray tomography, (e) three-dimensional reconstruction, (f) schematic diagram

of growth mechanism of globule type; (g) X-ray tomography, (h) three-dimensional reconstruction, (i) schematic diagram of growth

mechanism of protruding nonglobular type82.
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Fig. 6. Mapping of local current density for different stages during the growth of lithium globule: (a) 0-8.27 C/cm?; (b) 8.27—

16.53 C/cm?; (c) 16.53-35.82 C/cm?; (d) 35.82-54.72 C/cm?®.
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Fig. 7. SEM images showing (a) dendrite on the edge of the
anode; (b) milled dendrite using focused ion beam (FIB)
showing hollow morphology; (c¢) the nanomanipulator
shown by red circle before scratching the dendrite; (d) the
nanomanipulator after scratching the dendrite showing the
bent in the nanomanipulator; (e) the nanomanipulator be-
fore scratching metallic Li sheet; and (f) the nanomanipu-
lator after scratching metallic Li sheet showing the accumu-
lation of Li on the tip.
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Fig. 9. Schematic descriptions of uneven lithium-ion flux induced by surface morphological fluctuations and the corresponding in-

homogeneous lithium deposition!'4.
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Fig. 10. Schematic description of lithium redistribution through the gold layer and lithium nucleation. 114,
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Fig. 11. Lithium platting/stripping performance of (a) LLCZN and (b) LLCZN@LAO in Li symmetric cells at different current
densities; (c¢) values of I, for LLCZN and LLCZN@LAO with different applied external voltages; chronoamperometry results of
LLCZN and LLCZN@LAO with an applied external voltage of 1 V (inset); (d) schematic illustrations of Li formation within

LLCZN and how to suppress it through surface coating (13,
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Fig. 12. (a) Schematic of the electrochemical filtering treatment; (b) Current density and voltage of one electrochemical filtering

treatment over time; (c) Slice through a reconstructed volume of a symmetric cell after 14 conditioning cycles. No inhomogeneities

were observed at the interfaces, (d) (e) Slices through a reconstructed volume of the symmetric cell in (c) after an electrochemical

filtering treatment (1311,
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Fig. 13. Design and fabrication of the SHE Janus interfaces for high-performance LAGP-based lithium metal batteries. (a)—(c) Sch-

ematic illustrations of the interfacial evolution in LilLAGP|LMO batteries without interface layers and with GPEs and SHEs as

Janus interface layers during cycling, respectively!'3%].
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Fig. 14. Schematic illustration of the (a) pristine lithium foil with garnet-type electrolyte; (b) stress self-adapted interface by using

compressible PDMS/Li metal anodel!.
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Fig. 15. (a)Schematic process of creep-enabled Li deposition/stripping in an MIEC tubular matrix, where Coble creep dominates via

interfacial diffusion along the MIEC/Liy,, incoherent interface; (b) TEM images of the Li metal deposition inside the carbon tubule

as a single crystal; (c) high-resolution TEM imaging of a tubule before plating ['*!.
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Table 1.  Comparison of advantages and disadvantages of different interfacial strategies.
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SPECIAL TOPIC—Fundamental physics problems in all solid state batteries

Anode interface in all-solid-state lithium-metal
batteries: Challenges and strategies”
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Abstract

The developing of all-solid-state lithium-metal batteries promises to improve safety and energy density. The
challenges in the anode|electrolyte interface are crucial and divided into static and dynamic issues in this
review. The static issues are mainly shown as the huge resistances appearing in the assembled batteries, while
the dynamic issues are reflected in the rapid deterioration of cycling performance. The static issues are mainly
due to the poor chemical stability and interfacial contact, while dendrite growth and void formation are
contained in the dynamic issues. Solving dynamic issues on the basis of static issues can conduce to the

construction of stable all-solid-state lithium-metal batteries.
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