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NANOTECHNOLOGY AT WORK
Materials design enables the highest
electrode capacity in the industry.

FLEXIBLE CELL FORMAT
Large or small.
Grid, EV, or consumer.

UNPRECEDENTED SAFETY
Abuse tolerance like no Li-ion you've
ever seen.
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R. T. ionic Thermal  Stability — Moisture Li transference  Shear
Material conductivity Processability stability — vs. L stability 4V stability number modulus
Polymers (e.g. PEO) Low Excellent Moderate Moderate  Moderate  Poor Poor Poor
Sulfides (LGPS, glasses) V. high Moderate Excellent Moderate  Poor Poor to moderate  Excellent Moderate
LLZO Moderate  Poor Excellent  Good Moderate  Excellent Excellent Excellent
LATP High Poor Excellent  Poor Moderate  Excellent Excellent Excellent
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Zt1: Sustainable Energy Fuels, 2019, 3, 1647&#8211;1659
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Type

Oxide

Sulfide

Hydride

Halide

Borate or
phosphate

Thin film

Polymer

Materials Conductivity Advantages
(Sem™)
Perovskite 10-5-107° * High chemical and
Li,,La, ., TiO,, electrochemical stability
NASICON LiTi,(PO,),, * High mechanical strength
LISICON Li,,Zn(GeO,), * High electrochemical oxidation
and garnetLi La,7r,O,, voltage
Li,S-P,S., 107-107 * High conductivity
. * Good mechanical strength and
H,5=P25-MS, mechanical flexibility
* Low grain-boundary resistance
LiBH,, LiBH,-LiX 107-10* * Low grain-boundary resistance
(X=CLBrorl),LiBH,- ¢ Stable with lithium metal
LiNH,. LiNH,, Li,AlH, » Good mechanical strength and
and Li,NH mechanical flexibility
Lil. spinel Li,Znl, and 10-5-10-° s Stable with lithium metal
anti-perovskite Li,OCl * Good mechanical strength and
mechanical flexibility
Li,B,0,.Li,PO, and 107-10° » Facile manufacturing process
Li,0-B,0,-P,0, * Good manufacturing
reproducibility
* Good durability
LiPON 10°° » Stable with lithium metal
* Stable with cathode materials
PEO 10#(65-78°C) e Stable with lithium metal

¢ Flexible

* Easy to produce a large-area
membrane

¢ Low shear modulus

Disadvantages

* Non-flexible
» Expensive large-scale
production

» Low oxidation stability

* Sensitive to moisture

» Poor compatibility
with cathode materials

* Sensitive to moisture
* Poor compatibility
with cathode materials

* Sensitive to moisture
* Low oxidation voltage
*» Low conductivity

» Relatively low
conductivity

» Expensive large-scale
production

» Limited thermal
stability

* Low oxidation voltage
(<4V)

LiPON, lithium phosphorus oxynitride; LISICON, lithium superionic conductor; NASICON, sodium superionic conductor; PEO,
poly(ethylene oxide).
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ZF1: Nature Review Materials, 2017, 2, 1
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