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Abstract ; Lithium metal has the lowest redox potential (—3. 04 V vs standard hydrogen electrode) and
extremely high specific capacity (3860 mAh ¢ g '), making it the ideal anodes materials for lithium
secondary batteries. However, during the electrochemical cycling, due to the nonuniform nucleation
growth of lithium, lithium dendrites are generated on its surface, and continue to grow and pierce the
separator, causing short-circuiting of the batteries and even a fire. In the face of increasing energy
density requirements, lithium metal anodes have once again become the focus all over the world.
Therefore, it is necessary to protect the lithium metal anodes, suppress negative problems, and exert
high performance. The artificial solid electrolyte interphase technology is an effective protection
strategy for lithium metal anodes., which is essentially coating the surface of lithium metal with
protective layers in advance. The artificial solid electrolyte interphase layers should have good ionic
conductivity and electrochemical stability, high barrier property and mechanical strength, which can
make the lithium metal anodes have high efficiency, long-term life and dendrites-free properties. The
artificial solid electrolyte interphase technology brings hope to lithium metal anodes applications. In
this review, the research progress of artificial solid electrolyte interphase strategy for lithium metal
anodes protection in recent years was reviewed, the preparation methods, structural characteristics,
cycling performances of lithium metal anodes and other aspects were introduced in detail. The specific
application and performances of artificial solid electrolyte interphases in lithium secondary batteries
were for summarized. Moreover, the current problems were analysed and it was pointed out that for

researches of lithium metal anodes, not only the mechanism research need to be strengthed, but also
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needs to be combined with practical applications.
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Fig. 1 Mechanism illustration of Li dendrite growth
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Fig. 2 Surface morphologies of pure lithium metal anode and ASEI protected lithium(ASEI@Li) metal anode after electrochemical cyclingt]

(a)optical microscope images; (h) SEM image of pure lithium metal anode; (¢) SEM image of ASEI@Li metal anode
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Table 1 Summary of electrochemical performances of ASEI@Li metal anodes
ASEI Method Thickness Plating/striping Full-cell Cyclability Electrolyte Ref
component perfomance design
LisN Gaseous 2-30 pm Li|LTO 159 mAh e+ g 'at 1 Cfor 1 mol « L7! LiTFSI in [43]
treated the 500th cycle DME/DOL (1 : 1(volume
ratio, the same below)) +
1% LiNO;
LiF Radio- 150 nm 160 h at 1 mA « em 2 Li|LTO 135 mAh « g7! at 1 C 1mol+L"!LiPFs in EC/ [40]
frequency with capacity of 1 mAh « after 500 cycles DMC (1: 1)
magnetron em™?
sputtering
LiF Gaseous 40 nm 450 h at 1 mA « em 2 Li|S 21000 mAh+ g ! at 1 mol « L' LiTFSI in [66]
reaction with capacity of 1 mAh « 0.5 C after 100 cycles and DME/DOL (1 : 1) +1%
em™? 2800 mAh+ g 'at2C  (mass fraction, the same
below) LiNO;
LiF Dipping ~300 nm 150 cycles at 5 mA +em~2  Li| LCO 85. 7% capacity retention 1 mol « L ™! LiPFsin EC/ [44]
with capacity of 1 mAh - (CR) after 200 cycles DEC (1: 1)
em ™ ?
LiF Dipping 77 pm 520 cycles at 1 mA scm 2 Li| LFP 130 mAh » g tat 2 C of 1 mol+ L™! LiPFsin EC/ [32]
with capacity of 1 mAh the 1st cycle, >70% CR DEC (1: 1)
cm™? after 100 cycles
Li|S 21000 mAh - g7!,

improved the long-term

cycling performance
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Table 1 (continued)
ASEI Method Thickness Plating/striping Full-cell Cyeclability Electrolyte Ref
component perfomance design
LiF+ Melting A5 pm =50 cycles at 5 mA « Li|LFP 140 mAh » g7 tat 1 Cof 1 mol « L™' LiPFs; in [57]
graphite reaction em~ 2 and 10 mA + em™? the 1st cycle, and stable EC/DEC (1: 1)
fluorid with capacity of 1 mAh « over 200 cycles
cm ™ ?
102 mAh +» g7tat 2 C of 20 ul. PEGDE+ 1. 25%
the 1st cycle, and stable LiDFOB + 20% LiTFSI
over 300 cycles solid-state electrolyte
Li|NCM 140 mAheg 'at 278 mA- 1 mol » L. ! LiPFsin EC/
g ! of the 1st eycle,>>75%  DEC (1 : 1)
CR after 300 cycles
LiF + Li- Spray- 23 pm 400 cycles at 1 mA » em 2 Li| LFP 145 mAh « g 'of the Ist 1 mol « L™! LiPF; in EC/ [61]
Al alloy painting with capacity of cycle, 94. 4% CR after DMC/EMC (1:1:1)
1 mAh e+ cm ™2 300 cycles
LiPON Radio- 250 nm 900 cycles at 3 mA » em? Li|S 2. 08 Ah (around 4. 7 1 mol « L7! LiTFSI in [67]
frequency with capacity of (pouch mAh « em™2 and 4. 45 DME/DOL (1: 1)+1%
magnetron 1 mAh e+ cm ™2 celD) Wh) with the energy LiNO;
sputtering density of about 300 Wh «
kg~ !, 50% CR after 150
cycles
Liz PS, Dipping 60 nm 2000 h at 0.5 mA »« cm 2 Li|S ~800 mAh « g ' at 5 1 mol « L ! LiTFSI in [68]
with capacity of 1 mAh « A« g ! after 400 cycles DME/DOL (1: 1)+1%
em™? LiNOs
Li| LCO 137 mAh+g 'at1 Cand 1 mol « L' LiPFs in
70 mAh - g !at 20 C EC/DMC (1: 1)
Li;P+ Dipping ~15 pym 100 cycles at 3 mA + em™? Li|S ~900 mAh+ g 'at1C 1 mol « L™! LiTFSI in [48]
LiCl with capacity of after 200 cycles DME/DOL (1: 1)+2%
2 mAh + cm ™2 LiNO;
Li| LCO 121 mAh « g!' at 0.3 1 mol « L' LiPFs in
A« g ! after 400 cycles EC/DMC/EMC (1:1:1)
with CR of 78.8%
LiPON Radio- 2 pm Average of 98. 06 % Li| LCO 141 mAh « g tat 0.1 C 1.2 mol « L™! LiPFsin [49]
frequency of the 1st cycle, 80.67% EC/DMC (3:7)
magnetron CR after 100 cycles
sputtering
Li| NCA Worse lifespan
Li|S Worse lifespan 1 mol « L' LiTFSI in
DME/DOL (1 : 1)
Li,S Gaseous 260 nm 150 cycles at 2 mA « em 2 Li|LFP 900 stable cycles at 1 C 1 mol « L™ ! LiPFgin EC/ [42]
treated with capacity of 5 mAh « DEC (1: D
em ™2
Li| LTO 90 mAh « g tat 2 C of
the 1st cycle, 80%CR
after 150 cycles
LTSI Langmuir- 3 ym 350 cycles at 1 mA » em? Li|PEIrG ~ 1200 mAh + g=!' at 1 mol « L' LiTFSI in [45]
Blodgett with capacity of OIS 0.5 C, 83%CR after 500 DME/DOL (1:1) -+
scooping 1 mAhe+cm 2 cycles 0. 05 mol « L™ ! LiNO;3
method
Ketjen Roll to roll =3 pm 750 h at 1 mA « cm ¢ Li|LFP 2.2 mAh « em 2at 0.2 1 mol+ L™ ! LiPFsin EC/ [69]
black calendering (pouch celD)  C, 90. 2% CR after 26 DEC (1: 1)

with capacity of 1 mAh

cm™?

LilS
(pouch cell)

cycles

5 mAh + em %at 0.1 C,
89. 1% CR after 30 cycles

1 mol « L~! LiTFSI in
DME/DOL (1: 1D +2%
LiNO;
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Table 1  (continued)
ASEI Method Thickness Plating/striping Full-cell Cyeclability Electrolyte Ref
component perfomance design
Mos Ss/C Film ~40 pm 600 h at 1 mA « ecm™? Li|NCM 160 mAh+ g 'at1 Cof 1mol+L™!LiPFsin EC/ [38]
pressing with capacity of 1 mAh « the 1st cycle. 63% CR DEC (1: 1)
cm 2 after 200 cycles
LLZTO +  Doctor (4 + 1) 200 cycles at 1 mA « em 2 Li| LFP 135 mAh » g tat 1 Cof 1 mol+ L"!LiPFsin EC/ [53]
Li-Nafion blading pm with capacity of 0.5 the 1st cycle, 87.4% CR  DEC (1: 1)
mAh + cm™ 2 after 150 cycles
P(SF- Coating 3 pm 300 h at 2 mA « ecm 2 Li|NCM 3.4 mAh* em 2 at 1 C 1 mole L7! LiPFsin EC/ [52]
DOL) + with capacity of 4 mAh « of the 1st cycle, 90. 7% EMC (1: 1)+2% LiBOB
GO em ™ ? CR after 200 cycles
PDMS Dipping 1.5 pm >300 h at 0. 5 mA « LilS 1139 mAh « g7 'at 100 0.6 mol« L™! LiTFSI in [70]
cm~ % with capacity of mA + g ! of the 1st DME/DOL (1: 1)+0.4
0.5 mAh+ cm™? cycle, &= 67% CR after mol+ L7! LiNOs
100 cycles
LiPAA Drip- 20 nm 700 h at 0.5 mA + em™? Li|[NCM 3.4 mAh « em 2 at 1 1 mol-L~! LiPFs in EC/ [51]
casting and 250 h at 1 mA - mA + em 2 of the 1st EMC/DMC (1:1:1)
cm 2 cycle, = 80% CR after
500 cycles
Al; O3 ALD 14 nm Li|S 1200 mAh « g='at 0. 14 0.1 mol « L™'LiTFSI in [33]
mAh « cm™2 of the 1st DME/DOL (1: 1) +1%
cycle, 90% CR after 100 LiNOj3
cycles
Li-B-Al Pressing 1 pm 1200 h at 1 mA « em~ 2 Li|NCA 84% CR after 200 cycles 1 mol « L™! LiPFsin EC/ [62]
with capacity of 1 mAh - EMC/DMC (1:1: 1)
em ™ ?
Ag+ Dipping 50 hat 5 mA « cm™ % with Li|S ~1100 mAh+g 'at 0.5 1 mol « L™ ! LiTFSI in [71]
LiNO; capacity of 0. 5 mAh - C of the 1st cycle, 60.8% DME/DOL (1: 1)
cm ™~ ? CR after 500 cycles
Li,M.(M=  Dipping 8-10 1400 h at 2 mA « em 2 Li|LTO 2.5 mAh « em 2at 5 C 1 mol « L™! LiTFSI in [72]
As, In, pm with capacity of 2 mAh - of the 1st cycle, stable DME/DOL (1: 1)
Zn, BD cm ™ ? over 1500 cycles
Li,In,+ Dipping ~1 pm 1000 h at 2 mA « em™2 Li|LTO 60. 8% CR at 5 C after 1 mol+ L~! LiPFsin EC/ [73]
LiF with capacity of 2 mAh - 1000 cycles DMC (1:1) 4+ 0.06
cm 2 mol « L™ 'InF;
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