%15 % 25 10 Y] fd #e A ¥ 5 & K Vol.15 No.10
2026 4= 10 H Energy Storage Science and Technology Oct. 2026

| TREEATRIS B |

2ESEARERNFI LT AHETERRER

FIE, MR, BRBERT, MR T
GRS RO A R 5528 TR A Re, T rS ¥ 471003)

T E: ABA4E4LE 0k (ASSLMBs) B R EHE T LA (5500 Whikg) 5 AR a4k (AA SRR
RITHR), AT —RERERGH HFESH. Kf, RALTRPERLGBFELEREFTE, AALBET
M5 B AW BRZE E-EREEE TR LS R m g R, PERHT AR, ALA%E
BRT SRR IZARR R, FFEARRE “HFME-BFARBEE-SIAASE ZAWRHIAER, Bt
A HARBRRATEN L EEILE, A b, MAHHAE. ROLEHFHE L ZANEEMET 2%
MEIFNIR A, oA R (1) 2 AT SEIE (o LiF/LiZn A4 &) Rty &£k R i g g
(CCD 21.5 mA/cm?) FefErfac it (5500 B) F@m%Rd, RRELMZ LB AT E; (2) E—IRH
B KAE B 4G ) S ISR R TR AR A S B AL, XS RARSh A R (e EAR s Bkt RIRILARLEM) T
RAER, ZTERARZI4H; (3) BATR@FNARES ERAL—, FEHFLEMNKES (0.1~10 MPa). &R
FEABEEFLMFTHEREZTIRMK, A, ALZELE VAN “DHFTEHMIL. 100 B ML TS
(<20%). CCD (1.0 mAlcm®). Rm@&| M XPSE & &b (<5%) 7 WRALSIEAR, W T 7 i ey P46 4
. R, AXBRGEZRBFRAMIAREZE: AN BENS 2 RAL S0 PEAESIE, S HEHIHE
A dh A K BMAAER % LN IAAR G BB, VARSI AR E T8 BF T L. AT h 4 B A2 AR R
TR MG MRS . B0 L ALFRAR IS 3] Ao AR A G RN I, ARSI AN I T A ) IR R A
AE ML,

XE2F): AEARL; BN, AR, REfaK;, BERRR

doi: 10.19799/j.cnki.2095-4239.2026.0478

FESES: TM912.9 XRkFRERE: A XE¥RS: 2095-4239 (2026) 10-3895-14

Research progress on dendrite suppression and interface
compatibility in all-solid-state lithium metal batteries

YAN Xingzhao, YANG Qingxia, CHEN Yixin, XING Xiaoyu
(School of Vehicle and Traffic Engineering, Henan University of Science and Technology, Luoyang 471003,
Henan, China)

Abstract: All-solid-state lithium-metal batteries (ASSLMBs) combine a high theoretical energy
density (>500 Wh/kg) with intrinsic safety owing to their nonflammable solid-electrolyte
components. Consequently, they have emerged as a compelling alternative to conventional
liquid-electrolyte lithium-ion batteries whose energy density is approaching practical limits and
whose safety remains a persistent concern. However, their industrialization is severely
hindered by two intertwined challenges: continuous lithium dendrite growth and penetration
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during repeated charge/discharge cycling and poor solid-solid interfacial contact between the
lithium-metal anode and the solid electrolyte, which induces high interfacial resistance and
detrimental side reactions. This study systematically reviews recent advances in addressing
these issues, becoming the first to propose a three-tiered synergistic suppression framework
that integrates (1) mechanical blocking via high-modulus electrolytes or rigid interlayers,
(2) ionic-flux modulation via lithiophilic-site design and deposition-space confinement, and
(3) dynamic self-healing enabled by adaptive interfacial reconstruction during cycling. Based
on this framework, existing technical approaches are reclassified and critically compared. A
comprehensive evaluation system is further established across three dimensions (material
systems, interface architectures, and fabrication processes) to enable an objective
assessment of different strategies. The analysis yields three key findings. First, sulfide
electrolytes modified with artificial solid electrolyte interface layers, such as LiF/LiZn
composites, exhibit outstanding critical current density (CCD > 1.5 mA/cm?) and long-term
cycling stability (>500 cycles), making them the most promising candidates for near-term
industrial deployment. Second, a high Young's modulus alone cannot completely suppress
dendrite penetration; thus, it must be synergistically combined with deposition-kinetics
control—for instance, via lithiophilic nucleation sites or bottom-up deposition structures that
guide uniform lithium growth. Third, the lack of standardized evaluation protocols severely
complicates the comparison of results across different studies, as test conditions vary widely
(e.g., applied pressures from 0.1 to 10 MPa, current densities, and temperatures). To address
this, we recommend adopting a minimum of four core metrics: initial interfacial impedance,
impedance-change rate after 100 cycles (target < 20%), CCD (target = 1.0 mA/cm?), and X-
ray photoelectron spectroscopy-quantified interfacial-byproduct proportion (target <5%).
Finally, this review identifies three critical research gaps urgently requiring further
investigation: (a) the dynamic evolution of interfaces during cycling, which lacks in situ high-
resolution characterization data; (b) multiphysical-field-coupled models for predicting dendrite
growth thresholds, for which no standardized phase-field parameter database exists; and (c)
scalable, low-cost solution-based interfacial processing techniques, as conventional methods,
such as magnetron sputtering, are challenging to scale up. This study offers an integrated
analytical framework, clear industrialization pathways, and standardized evaluation
recommendations, potentially facilitating the transition of all-solid-state lithium-anode research
from laboratory to practical applications.

Keywords: all-solid-state battery; metallic lithium anode; lithium dendrite inhibition; interface

compatibility; solid electrolyte
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Fig. 1 The challenges encountered when designing
lithium metal batteries include: uneven electrode
deposition, volume expansion, high reactivity/
stability issues of the lithium metal/SEI film, and the
shuttle effect of the active cathode material ™"
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Fig. 4 Structural comparison between the CFC/G/
"ZnO" electrode current collector in (a) the non-
electroplated Li state and (b) after electroplating Li,
as well as the possible mechanisms and specific
functions of individual graphene sheets (c) and
carbon fibers (d) in guiding the formation and growth
of metal Li nuclei during the process. The low-
magnification (e) and high-magnification (f) scanning
electron microscope images of the CFC/G/"ZnO"
electrode current collector, as well as the high-
magnification scanning electron microscope image
show the situation of "ZnO" nanoparticles on the
graphene sheets (g) and carbon fibers (h)®
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Table 1 Comparison of different dendrite suppression and interface optimization strategies
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