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OVERVIEW

All-solid-state  lithium  batteries  promise
superior energy density and safety compared
to conventional liquid-electrolyte cells. Yet
one obstacle blocks commercialization:
when cathode active materials contact solid
electrolytes directly, chemical side reactions
form resistive interfacial layers. This limits
ion transport and capacity retention—leaving
performance far short of theoretical potential.

A research team at the University of
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Ulsan solved this interface problem using
ResonantAcoustic® Mixing to apply a
protective nanoscale coating of nickel-cobalt
sulfide (NiCo,S,) directly to the cathode
surface. The coated material retained 60.6%
of its initial capacity after 20 cycles, compared
to only 37.3% for uncoated material. The dry-
coating approach is scalable, reproducible, and
leaves no solvent residue—positioning it as an
enabling technology for commercial ASSLB
cathode production.

Achievement

* 60.6% Capacity Retention
vs. 37.3% Uncoated [1]

» Contact Resistance Cut by
59% (1,245 — 510.1 Q) [1]

* 122.4 mAh/g Maintained at
2C Rate Stress Test [1]

* Minimal Side Reactions,
Confirmed by XPS/TEM [1]
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CHALLENGES

Solid electrolytes represent a maijor
forward in battery safety,
state nature introduces a fundamental
materials =~ compatibility = problem.  Unlike
liquid electrolytes, which naturally conform
to surfaces, solid electrolytes make only
point contact with cathode active materials.
Gaps and voids form at the interface.

leap
yet their solid-

Within these incomplete contact zones,
the high-nickel cathode material
(LiNi, ,Co,,Mn,,0,) reacts chemically with the
sulfide-based electrolyte. These uncontrolled
reactions create insulating byproducts—
resistive layers that block lithium-ion transport
and degrade cycle life. The result is capacity

loss far steeper than physics and chemistry
would predict if the interface were stable. [2]

Researchers have attempted to prevent this
problem by applying protective coatings, but
conventional wet-chemistry methods struggle
to achieve uniform, nanoscale coverage on
cathode particles without introducing solvent
residues or damaging the material. The
coating must be thin enough to preserve ionic
conductivity, yet uniform enough to block
all reactive sites. That balance has proven
elusive. Wet coating introduces manufacturing

complexity: solvent handling, evaporation
equipment, purification steps, and batch
variability. For production scale-up, this

overhead becomes costly.

Dry Coating Without the Solvent Penalty

Conventional wet-coating methods require solvent
evaporation, residue purification, and equipment
cleanup between batches. Incomplete solvent
removal degrades cathode material and introduces
contaminants.

ResonantAcoustic® Mixing eliminates this burden.
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Dry coating deposits nanoparticles directly onto
the cathode surface—no solvents, no drying, no
purification. The acoustic energy achieves uniform
dispersion that wet methods cannot match, ensuring
consistent results across batches. This is the scalable
manufacturing pathway for commercial ASSLB
cathode production.
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SOLUTION
Dry-Coating Technology

The team selected nickel-cobalt sulfide
(NiCo,S,) for its chemical compatibility with
sulfide electrolytes. ResonantAcoustic® Mixing
at 60 G for 20 minutes coated nanoparticles
uniformly onto the cathode without solvents or
binders.

The acoustic energy breaks apart NiCo,S,
clusters and drives freed nanoparticles directly
into the cathode material.

“The resulting coating is thin, uniform,
and reproducible—precisely the
characteristics needed for scalable
manufacturing.” [1]

Optimization by Loading

The team tested three coating concentrations:
0.1, 0.3, and 0.5 wt%. The 0.3 wt% loading
emerged as optimal. At this concentration,
the coating fully covers reactive sites while
maintaining sufficient porosity for lithium-ion
transport. At 0.5 wt%, excess nanoparticles
clump together rather than adhere uniformly,
creating paths for side reactions to resume.

Performance Impact

The coated material’'s capacity retention
improved dramatically: 60.6% after 20 cycles
versus 37.3% for bare cathode. Under high-
rate stress (2C current density), the 0.3 wt%
coated sample maintained 122.4 mAh/g—
substantially outperforming uncoated material
at the same rate.

Contact resistance fell 59% (1,245 — 510.1
Q), reducing charge-transfer barriers. XPS and
TEM-EELS confirmed minimal side reactions
during cycling—the protective layer sustained
performance through repeated cycles.

FE-SEM images of 0.3 wt % NiCo,S,-
coated NCM622. This was the ideal amount
tested for the NiCo,S, coating, offering
ideal capacity retention.

Manufacturing & Scalability

The laboratory  results  translate  to
production because ResonantAcoustic®
Mixing streamlines the coating process.
Unlike wet methods requiring solvent
handling and purification, dry coating
is direct: load materials, apply acoustic
energy, coating is complete. No additional
steps. No batch-to-batch variability.
Equipment designed for dry coating operates
on identical principles across laboratory and
production scales

“Parameters optimized at small scale
transfer directly to larger batches without
reoptimization.” [1]

The 0.3 wt% loading that delivered 60.6%
capacity retention in coin cells applies
reliably to electrode sheets and production
runs. For manufacturers evaluating ASSLB
commercialization, this consistency eliminates
trial-and-error cycles and accelerates the path
to production.



CONCLUSION

All-solid-state lithium batteries will not reach
commercial scale until the electrode-electrolyte
interface problem is solved. This research
closes a major gap on that commercialization
path.

The University of Ulsan team demonstrated
that ResonantAcoustic® Mixing can apply
protective coatings to cathode materials
with precision and reproducibility — qualities
essential for production. Their findings
show that dry coating not only solves the
interface stability problem but does so
without the solvents, purification steps, and
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scalability constraints that plague wet-coating
approaches.

The technique is platform-agnostic: the same
dry-coating methodology can be applied with
different protective materials (the same team
previously demonstrated similar success
with LiNbO, and Li,ZrO, coatings). [3] This
positions ResonantAcoustic® Mixing as an
enabling technology for a broad range of next-
generation solid-state battery chemistries
moving from laboratory validation toward
commercial pilot production.

ContactResodynAcousticMixers,Inc.
to discuss how ResonantAcoustic®
Mixing can transform your battery
material blending.
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