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Fig. S1 Schematic illustration of the fabrication procedures and the intention of

every procedure of LLTO/C@Au network.
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Fig. S2 The Raman spectra of LLTO/C and PAN derived carbon.
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Fig. S3 TG and DTG curves of LLTO/C NWs.
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Fig. S4 The amount of Li metal distribution in these 3D host after Li plating in the Fig.

3.

Calculation of the content distributions of the Li-metal deposition in

these 3D host

The area of 12 mm electrode is 1.13 cm?

Plating 1 mAh cm™2 Li metal, the capacity of Li is 1.13 mAh >
mp;= 1.13/3860 g = 0.293 mg, Vi;; = myypr; = 0.293/534 cm3 = 5.49*104 cm3

Plating 2 mAh cm™2 Li metal, Vi ;= 5.49*2*10* cm3= 1.1*103 cm3

Specific surface area: Sito/c = Strtoc@au s Sc = Sc@aus



For LLTO/C@Au
Plating 1 mAh cm2 Li metal
The mass of 12 mm electrode is 8.4 mg, Sciccrode = 3.7%8.8%103 m? = 3.26*1072 m? »
The plating thickness of Li metal on the LLTO/C@Au NWs:
AL =5.49*10% cm?3/ 3.26%1072 m?~1.68*10% cm = 16.8 nm
Plating 2 mAh cm—2 Li metal

AL = 16.8 nm*2 = 33.6 nm

For C@Au
Plating 1 mAh cm2 Li metal,
It is assumed that the thickness of Li deposition is only half of C@Au membrane.
If all Li metal is plated on the C@Au NWs,
The mass of 12 mm electrode is 1.3 mg,
The area of Li metal deposition on the Ca@Au NWs:
Selectrode = 1.3%26.9%1073 *1/2=1.75%1072 m? >
The plating thickness of Li metal on the C@Au NWs:
AL =5.49*10% cm?/ 1.75*102 m?=3.14*10 cm = 31.4 nm >
But as shown in the Fig. 3D, part of Li metal deposited between the C@Au NWs. It
is assumed that this part of lithium accounts for 23% of the total lithium.
So the capacity of Li deposited between the C@Au NWs is 0.23 mAh cm™2 »
The capacity of Li deposited between the C@Au NWs:

1-0.23=0.73 mAh cm™



The actual plating thickness of Li metal on the C@Au NWs:

AL =31.4*0.73 nm =22.9 nm

Plating 2 mAh cm2 Li metal,

the capacity of Li deposited between the C@Au NWs is 0.23 mAh cm™2 »
The capacity of Li deposited on the C@Au NWs:

2-0.73=1.27 mAh cm™2

For LLTO/C

Li metal nearly cannot be plated on the surface of LLTO/C NWs due to its
lithiophobic surface.

So plating 1 mAh cm™2 Li metal,

the capacity of Li deposited between the LLTO/C NWs is | mAh cm2,

plating 2 mAh cm™ Li metal,

the capacity of Li deposited between the LLTO/C NWs is 2 mAh cm™2.
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Fig. S5 (a) Nyquist plots of Li|[Host cells with no Li metal on host. (b) Nyquist plots

of Host—20Li|[Host—20Li cells with plating 20 mAh cm™ Li metal on host and thin

Li foil[thin Li foil.
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Fig. S6 The ex-situ XRD patterns of LLTO/C@Au-Li anode before and after cycling.

In order to better detect the signals of Au-Li alloy, only 5 mAh cm™ of Li metal
were deposited in LLTO/C@Au network. Ex-situ XRD tests were carried out for
LLTO/C@Au-Li electrode before and after 50 cycles at 3 mA cm™?/1 mAh cm™
(symmetrical batteries). The results (Fig. S6) show that the XRD peaks of Au-Li
alloy (Li;sAuy) hardly change !, confirming the existence of Au-Li alloy during the
cycling. This is because the Au-Li alloy exists at the bottom of Li metal. If the high-
capacity battery cycling is not carried out, the Au-Li alloy does not participate in the
reaction during the cycling process, but plays a role in the initial nucleation process,

and only the Li metal on the surface participates in the battery cycling.
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Fig. S7 Coulombic efficiency of the Li stripping/platting cycles of the three hosts in
comparison with Cu foil at current densities of (a) 2 mA ¢cm™2 and (b) 10 mA cm™

with a capacity of 2 mAh cm™.
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Fig. S8 Rate performances of Thin Li foil symmetrical cell with a capacity of 2 mAh

cm 2 (the unit for each current is mA cm ?/mAh cm™2).



0.3

] 36/2
0.2 27/2
< 20/2
b 1 6i2 1012
- 017 2/2
© ] 2/2
© 0.0+
[} ]
el
O 0.1 -
o |
-0.2 Thick Li foil
-0.3 . , . , . , . I . I
0 300 600 900 1200 1500
Time (min)

Fig. S9 The rate performance of Thick Li foil symmetrical cell with a capacity of 2

mAh cm 2 (the unit for each current is mA cm2/mAh cm™2).
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Fig. S10 Nyquist plots of the symmetric cells (a) at fresh state and (b) after 10th

cycles at 10 mA cm™2/2 mAh cm™2, respectively. (c) Equivalent circuit used for

Nyquist plots of the symmetric cells.
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Fig. S11 Nyquist plots of the full cells in the (a) fresh state and (b) after rate cycles,
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Fig. S12 SEM image of LLTO/C@Au NW




Fig. S13 (a-b) SEM images of LLTO/C NWs.



Fig. S14 (a-b) SEM images of C NWs.



Fig. S15 (a-b) SEM images of C@Au NWs.
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Fig. S16 Comparison of XPS spectra of the LLTO/C@Au and LLTO/C. (a) XPS
survey scans. (b) XPS spectrum of Au 4f in the LLTO/C@Au. (c) XPS spectrum of
Li Is in the LLTO/C. XPS spectra comparisons of (d) La 3d, (e) Ti 2p, (f) O 1s and (g)

C 1s.

From the XPS analysis (Fig. S16 and Table S6), it is revealed that the surface of
LLTO/C@Au is mainly composed of Au (91.7 wt%), which is much different from

that of LLTO/C.
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Fig. S17 The TEM images and SAED images of the different anodes after cycling. (a-

¢) LLTO/C@Au-Li anode. (d-f) LLTO/C-Li anode. (g-1) C@Au-Li anode.
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Fig. S18 Composition of Li metal SEI in different anodes after cycling. (a) XPS
spectra of the Li SEI in LLTO/C@Au-Li anode. (b) XPS spectra of the Li SEI in
LLTO/C-Li anode. (¢) XPS spectra of the Li SEI in C@Au-Li anode. (d)

Quantification of surface compositions of Li metal SEI obtained by XPS data.

The morphology and components of SEI in different anodes after cycling were
confirmed by TEM and XPS characterizations. Only 2 mAh cm™2 of Li metal were
deposited in these networks to facilitate detection. After 25 cycles at 2 mA cm™?/1
mAh cm™2, these symmetrical batteries used by these Network-Li electrodes were
disassembled for analysis. It can be seen from the TEM images (Fig. S17) that Li

metal is still uniformly attached to the surface of LLTO/C@Au network, while Li



metal can hardly be deposited on the surface of LLTO/C network and can only be
partially deposited on the surface of C@Au network after cycling. The Li,CO; and
Li,O in the SEI of these electrodes can all be confirmed by the SAED images.
Various trace organic and inorganic components on the surface of SEI in different
anodes after cycling were further detected by the XPS tests. In XPS analysis (Fig.
S18), the C-F and LiF in the SEI surface of LLTO/C-Li anode are significantly more
than that of LLTO/C@Au-Li anode and C@Au-Li anode, indicating that its SEI is
unstable, which continuously consumes electrolyte during cycling.? * There are more
organic components C-C in the SEI surface of C@Au-Li anode because of larger
specific surface area of C@Au network (Fig. S22) and the partial Li metal deposited
on the surface of C@Au NWs. As a result, the SEI of LLTO/C@Au-Li electrode
exhibits the best stability among the three electrodes during cycling according to

TEM images and XPS analysis.
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Fig. S19 Comparison of the voltage profiles obtained during Li plating/stripping at
20 mA cm /2 mAh cm ™2 for LLTO/C@Au-Li half cells with different thicknesses of

the LLTO/C@Au network films.

The influence of the thickness of the network film on the electrochemical
properties of the battery has been investigated. It is revealed that the internal
resistance of the electrode increases with the thickness of the network films, which in
turns decreases the electron transfer rate, increases the polarization of the battery and
reduces the cycle life of the battery. Fig. S19 shows the voltage profiles obtained
during Li plating/stripping at 20 mA c¢cm %2 mAh cm™2 for LLTO/C@Au-Li half
cells with different thicknesses of the LLTO/C@Au. As can be seen, the polarization
of the batteries increases and the cycle life of the batteries decreases significantly as
the thickness of the LLTO/C@Au film increases by three times. In contrast, the
mechanical strength of the network film increases with the thickness. Therefore, the
thickness of the network film used in this work has been carefully optimized as ~90

um.



Fig. S20 The SEM images and optical photographs of the different anodes after
cycling. (a-b) The SEM images of LLTO/C@Au-Li anode. The inset in (b) is the
optical photograph of LLTO/C@Au-Li anode. (c-d) The SEM images of LLTO/C-Li
anode. The inset in (d) is the optical photograph of LLTO/C-Li anode. (e-f) The SEM
images of C@Au-Li anode. The inset in (f) is the optical photograph of C@Au-Li

anode.

The surface morphologies of Li metal in different networks after 50 cycles at 20 mA
cm %2 mAh cm™? (symmetrical batteries) were investigated by ex situ SEM. As
shown in Fig. S20, Li metal is mainly deposited in the form of compact particles in all
three networks. However, LLTO/C network is partially exposed on the surface of the
deposited Li metal, and some “dead Li” exists in the LLTO/C network (Fig. S20c-d)
and some mossy Li metal exists in C@Au network (Fig. S20e-f). The optical
photographs (the inset in Fig. S20b, d and f) are consistent with the corresponding

SEM images. It indicates that the three networks all have a certain inhibitory effect on



the formation of Li dendrites. LLTO/C@Au network has more advantages for cycling
at the high current and high capacity, and almost no dead Li or other forms of Li

dendrites can be observed in it (Fig. S20a-b).
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Fig. S21 Comparison of the performance of full cells paired with the different anodes.

(a) The rate performance comparisons. (b) The cycling performance comparisons at 1

C.

As illustrated in Fig. S21, the performance of the full cell paired with
LLTO/C@Au anode is obviously better than that of other full cells. During cycling at
1C, the capacities of full cells paired with C@Au and LLTO/C anodes decay rapidly
after 83 cycles and 37 cycles, respectively, while that of full cell paired with

LLTO/C@Au still exhibits a capacity of 96 mAh g™ ! after 260 cycles.
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of LLTO/C NWs and C NWs. The inset is specific surface area data of these two

materials.



Table S1 The accommodated Li metal capacity of three host

Density Average  Thickness Mass Pore Accommodated Weight
(g em™) Porosity (nm) (mg cm™2) volume Li capacity ratio of Li metal
(em? g™ (mAh cm™)
LLTO/C@Au 2.86 75 % ~90 3.27 1.05 13.9 0.36
LLTO/C 2.47 77 % ~90 3.01 1.36 143 0.42

C@Au 1.56 86 % ~90 1.15 3.94 15.9 0.68




Table S2 The comparisons of cycling life between the as-prepared LLTO/C@Au—Li

anode and the other reported typical composite 3D Li anode at high current density

and high capacity

Configuration

Li infiltration

method

Symmetric cell

(mA cm ?mAh cm?)

Electrolyte

Ref.

The spaced
TiO, NTs

3D Cu NWs

MWCNTs

C@ ZnO

LLZO/C

3D VACNF/Cu

Cu mesh

This work
(LLTO/C@Au)

Thermal infusion

Electrodeposition

Mechanical
lamination

Thermal infusion

Electrodeposition

Electrodeposition

Thermal infusion

Electrodeposition

4.0/4.0,450 h
voltage ~ 50 mV

1.0/2.0, 500 h
voltage ~ 20 mV

10.0/5.0, 180 h
voltage ~ 70 mV

10.0/5.0, 300 h
voltage ~ 90 mV

5.0/1.0,650 h
voltage =~ 40 mV

5.0/5.0, 185 h
voltage = 35 mV

1.0/6.0, 600 h
voltage ~ 30 mV

2.0/10.0, 500 h
voltage = 50 mV

1 M LiTFSI in DOL:DME (1:1)
with 2 wt% LiNO;

1 M LiTFSI in DOL:DME (1:1)
with 1 wt% LiNO;
+5x 107 M Li,Sg

1 M LiTFSI in DOL:DME (1:1)

1 M LiPF¢ in EC:EMC:DEC
(1:1:1)

1 M LiTFSI in DOL:DME (1:1)
with 1 wt% LiNO;3

1 M LiTFSI in DOL:DME (1:1)
with 1 wt% LiNOs

1 M LiTFSI in DOL:DME (1:1)
with 1 wt% LiNO;

1 M LiTFSI in DOL:DME (1:1)
with 1 wt% LiNO;

10




Table S3 Impedance parameters obtained from EIS spectra in Fig. S10a-b

Fresh state After cycles
e Rs () RowrrRe Ret (Q) Rtotal (2) Rs () RowrrRe Ret (Q) Rtotal ()
) Q)
Thin Li foil 43 54.7 1409.6 1468.6 4.5 343 44.9 83.7
LLTO/C NWs 44.9 50.4 164.6 259.9 323 91.1 96.3 219.7
LLTO/C@Au NWs 10.8 24.9 16.3 52.0 144 24.7 30.1 69.2
C@Au NWs 14.1 59.4 159.3 232.8 15.6 96.3 74.2 186.1




Table S4 Impedance parameters obtained from EIS spectra in Fig. S11a-b

Fresh state

After cycles

Ret/Rsex
Sample RsetRe  Ret/RsetRe  Rtotal RsertRe Rtotal
Rs (Q) @ Ret@) . Rs (Q) © +Re+ ©
+ Rct
Ret(Q)
N/P 1.5
(LLTO/C@Au 224 ; 4458 4682 268 ; 5605.7 56325
@Li)
N/P 3
(LLTO/C@Au 14.9 432 244.1 302.2 19.6 ; 146.9 166.5
@Li)
N/P 5
(LLTO/C@Au 325 215 161.4 215.4 232 ; 151.6 174.8
@Li)
N/P 12 (Thin Li
42 29.0 1473.7 1506.9 3.9 33 77.6 114.5

foil)




Table S5 The full cell performances comparison with Li metal as anodes

Current
Materials Cathode N/P Cycle number Reference
Density(C)
LLZO/C LiFePO, 2 0.5 100 8
LiNiy5C09,Mng 30,
Co@N-G - 1 100 1
(NCM)
CFs@Au S 1.2 0.1 100 12
single-ion electrolyte LiFePO, - 1 2000 13
Li;N@Cu NWs-Li LCO - 0.5 300 14
EC-ES electrolyte LiFePO, 31 1 300 15
Polymer—Alloy Hybrid
LiFePO, 34 0.5 300 16
Layers
Polydopamine
LiFePO, - 1 1000 17
/Graphene Layer
C-N film LiFePO, 1.5 0.5 65 13
Coaxial-interweaved
LiFePO, 7.9 1 135 19
hybrid Li metal anode
3 86
LLTO/C@Au LiFePO, 0.5 This work
5 370




Table S6 Quantification of the samples obtained by XPS data in Fig. S16

Sample Li (wt%) LaWt%) TiWwt%) O Wt%) C Wwt%) Au (wt%)

LLTO/C@Au - - - 33 5.0 91.7

LLTO/C 59 10.0 12.0 32.7 394 -
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