
 

Hydride-ion batteries: An emerging frontier in energy storage
Jirong Cui,1 Hujun Cao,1,* and Ping Chen1,*
 

1Dalian Institute of Chemical Physics, Chinese Academy of Sciences, Dalian 116023, China
*Correspondence:  pchen@dicp.ac.cn (P.C.);  caohujun@dicp.ac.cn (H.C.)
Received: September 27, 2025; Accepted: November 21, 2025; Published Online: November 22, 2025; https://doi.org/10.59717/j.xinn-mater.2025.100175
© 2025 The Author(s). This is an open access article under the CC BY license (https://creativecommons.org/licenses/by/4.0/).
Citation: Cui J., Cao H. and Chen P. (2025). Hydride-ion batteries: An emerging frontier in energy storage. The Innovation Materials 3:100175.
 

The  continuous  advancement  and  systematic  transformation  of  global
energy storage technologies are essential to meet evolving energy demands
and  address  associated  technological  challenges.  For  over  three  decades,
lithium-ion  batteries  have  dominated  the  market,  powering  a  wide  range  of
applications—from  smartphones  to  electric  vehicles  and  grid  storage
systems.  However,  their  dominance  faces  increasing  challenges  due  to
inherent limitations:  safety  hazards  stemming  from  flammable  liquid  elec-
trolytes  and  metallic  dendrite  formation,  growing  scarcity  of  critical  raw
materials,  and a looming performance ceiling that may hinder their ability to
support  next-generation  clean  energy  technologies.  These  limitations  have
catalyzed a worldwide pursuit of alternative or supplementary solutions, and
amid this quest, a new technology has emerged: the hydride-ion (H-) battery.

The  key  to  this  technology  is  the  hydride  ion  (H-)  itself,  a  hydrogen  atom
acquiring an additional electron, forming a negatively charged particle with a
unique  set  of  properties.  With  a  high  redox  potential  of −2.3  V  versus  the
standard hydrogen electrode (SHE), H- acts as a strong reducing agent, a trait
that  could  potentially  translate  to  high-voltage  battery  performance.  Unlike
the small, hard cations such as Li+ that dominate conventional batteries, H- is

large, soft, and highly polarizable. This structural flexibility allows it to “sneak”
through  the  lattice  of  solid  materials  via  defect  sites  and  grain  boundaries
more  easily  than  rigid  cations,  which  often  require  well  lattice  matching  in
electrolytes.  This  high  mobility,  combined  with  its  favorable  electrochemical
properties, makes H- an alternative charge carrier for next-generation energy
storage.

As  a  unique  charge  carrier,  the  hydride  ion  may  offer  several  advantages
for batteries upon further explorations (Figure 1):

1.  Dendrite-Free Operation:  the common safety risk in  metal-ion batteries
arises  from  metallic  dendrites—thin,  tree-like  structures  that  grow  from  the
anode  as  metal  cations  plate  back  onto  the  metal  surface  during  charging.
These dendrites can pierce the separator, causing short circuits and thermal
runaway.  H-,  by  contrast,  is  an  anion,  moving  in  the  opposite  direction  of
cations.  Its  non-metallic  nature  may  eliminate  the  possibility  of  metallic
deposition, preventing dendrite formation and eliminating this safety hazard.

2.  Potential  High  Energy  Density:  energy  density,  measured  in  watt-hours
per  kilogram  (Wh  kg−1),  is  a  critical  determinant  of  performance  in  portable
and automotive energy storage. Although the hydride ion batteries developed

to date have yet to achieve high energy density, the high redox potential of H-

(H2/H- ~ −2.3 V vs. SHE) enables the design of high-voltage batteries. When
coupled  with  high-capacity  hydrogen-storing  electrode  materials—such  as
lithium hydride (LiH),  which has a theoretical  capacity of over 3000 mAh g−1

—the battery offers a route to achieving energy densities that could double or
even triple those of state-of-the-art batteries.

3. Material Abundance: H- batteries utilize the most abundant and environ-
mental-friendly H as charge carrier, the extensively studied hydrogen storage
materials  as  electrodes.  This  offers  considerable  research  space  for  new
systems and system optimization.  Moreover,  such transition may offer  cost

reductions  and  mitigate  supply  chain  vulnerabilities  tied  to  geopolitics  and
resource extraction.

4. Overcharge and Overdischarge Resilience: The dominant electrochemical
processes within H- battery electrodes are centered on the reversible extraction
and  insertion  of  H-.  During  overcharging  or  overdischarging,  hydrogen
gas evolved at the electrode interfaces can be readily reabsorbed by the elec-
trode materials or electrolyte matrix—a self-regulating mechanism in metal-
hydrogen systems as shown in  nickel-metal  hydride  batteries.  This  intrinsic
gas recapture capability can mitigate degradation of the battery structure.
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Figure 1.  Potential application scenarios and characteristics of H- batteries.
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 A DECADE OF H- BATTERY DEVELOPMENT
In 2014, Verbraeken et al.  reported that BaH2 transforms into a hexagonal

phase above 500°C,  achieving high hydride ion (H−)  conductivity (0.2 S cm−1

at 630°C) which surpassed advanced oxide ion and proton conductors.1 This
ionic conduction was confirmed by a hydrogen concentration cell using BaH2
as the electrolyte, where the observed voltage obeyed the Nernst equation.

The first primary H− battery was reported in 2016 by Kobayashi et al..2 They
synthesized successfully an H− conductor La2−xSrxLiH1−x−yOy, which exhibits a
bulk  H- conductivity  of  10−4~10−5 S  cm−1 in  the  temperature  range  of
250–300°C. Using  this  oxyhydride  as  electrolyte  with  titanium  (Ti)  and  tita-
nium hydride (TiH2)  as electrodes,  the authors built  a Ti|o-La2LiHO3|TiH2 cell
showing  a  one-way  discharge  of  approximately  200  mAh  g−1 at  300°C,  an
encouraging progress and also highlighting the need of electrolyte having fast
hydride ion conduction at ambient condition.

To  build  room  temperature  H- battery,  the  electrolyte  material,  i.  e.,  H−

conductor,  should  have  sufficient  conductivity  and  electrochemical  stability.
Materials with high H− mobility, particularly bulk rare-earth trihydrides (REHx),
exhibit  significant  electronic  conductivity,  resulting  in  detrimental  electronic
leakage (short circuits) within the electrolyte. To address this, researchers at
the Dalian Institute of Chemical Physics (DICP) developed a strategy: deform-
ing rare-earth metal hydride lattices which suppresses electronic conduction
significantly while preserves their inherent H- mobility.3 A superionic conduc-
tor  that  showed  a  record  high  H- conductivity  of  10−2 S  cm−1 at −40°C  was
developed.  Based  on  this  electrolyte,  an  all-solid-state  primary  hydride-ion
battery discharging at room temperature was demonstrated.

 RECENT  PROGRESS:  CORE-SHELL  ENGINEERING  AND  A  SECONDARY
BATTERY

A  leap  forward  was  reported  by  the  same  team, “A  room  temperature
rechargeable  all-solid-state  hydride-ion  battery” published  on  Sep.17  2025.4

They tackled the electron-conduction problem through a materials engineer-
ing strategy: a core-shell heterostructure.

They coated nanoparticles of cerium trihydride (CeH3), a material with fast
H- mobility  but  high  electronic  conductivity,  with  a  thin  layer  (<  2  nm)  of
barium  hydride  (BaH2).  BaH2 is  a  wide-bandgap  insulator,  electrochemically
stable,  and  a  good  H− conductor  at  high  temperatures.  This  nano-coating
created a “heterojunction” that effectively blocked electron transfer from the
CeH3 core while allowing H− ions to pass through.

The  resulting  composite  material,  denoted  as  3CeH3@BaH2,  exhibited  the
following key properties:

•  High  Ionic  Conductivity:  > 10−4 S  cm−1 at  room  temperature,  achieve
superionic at 60°C (> 1.0 × 10–3 S cm–1 and activation energy ~ 0.30 eV)

•  Low  Electronic  Conductivity:  ~10−6 S  cm−1,  four  orders  of  magnitude
lower than bulk CeH3.

• High Ionic Transfer Number: > 0.99.
• High  Thermal  Stability:  the  electrolyte  can  operate  stably  at  tempera-

tures above 140°C for hundreds of hours.
Using this electrolyte, the team constructed the first hydride-ion recharge-

able battery: CeH2|3CeH3@BaH2|NaAlH4.  This all-solid-state battery achieved
an initial specific capacity of 984 mAh g−1 (99.1% of theoretical) and retained
402 mAh g−1 after 20 cycles at 25°C. The experimental results demonstrated
the  reversible  electrochemical  reaction  at  both  electrodes,  centered  on  H-

transfer. Furthermore, they fabricated a stacked-cell to realize a 1.9 V tandem
battery  capable  of  powering  an  LED,  thereby  transitioning  from  conceptual
design to a practical demonstration.

 A PARALLEL DEVELOPMENT: THE ANTI-α-AgI APPROACH
One day after the above work, a team from the Tokyo Institute of Technol-

ogy  reported  related  findings  on  Sep.  18  2025.5 A  hydride-ion  conductor
Ba0.5Ca0.35Na0.15H1.85 having  an  anti-α-AgI-type  structure  was  synthesized.
This  material  features  a  body-centered cubic  (bcc)  framework  with  disor-
dered cations and anions occupying tetrahedral and octahedral sites, a struc-
ture  synonymous  with  superionic  conduction  (e.g.,  in  α-AgI).  It  exhibited  an
ionic conductivity of ~10−5 S cm−1 at 50°C and ~10−3 S cm−1 at 110°C.

Using this  material  as  electrolyte,  the  authors  screened a  vast  amount  of
electrode  materials.  They  demonstrated  reversible  operation  in  several
hydride-ion battery configurations, including a stable Ti-TiH2 cell at 60°C and
a Mg-H2 cell that achieved a high reversible capacity of 2030 mAh g−1 at 90°C.

 CURRENT CHALLENGES AND LIMITATIONS
Despite  these  promising  advances,  HIB  technology  remains  at  an  early

stage  of  development,  and  several  challenges  must  be  overcome before  its
practical  application.  Current  systems  show  limited  cycling  stability,  as
evidenced  by  the  capacity  fading  observed  in  the  3CeH3@BaH2-based
rechargeable  cell.  While  recent  breakthroughs  have  demonstrated  room-
temperature operation,  achieving both high ionic conductivity and long-term
cyclability  in  a  cost-effective manner  remains  a  central  challenge.  Further-
more,  the  high  reactivity  of  hydride  materials  with  moisture  and  oxygen
necessitates  stringent  handling  and  manufacturing  conditions.  Lastly,  while
HIBs  exhibit  some  tolerance  to  overcharge/overdischarge,  the  potential
release of hydrogen gas under extreme conditions remains a concern.

 A PROMISING AND RAPIDLY EVOLVING FRONTIER
Hydride-ion  batteries  offer  a  wide  range  of  potential  applications.  Their

inherent safety, stemming from dendrite-free operation, makes them suitable
for energy storage. Moreover, their ability to function at low temperatures—as
suggested  by  the  superionic  conductor “deforming  LaH3” at −40°C—could
make  them  suitable  for  special  environments  such  as  aerospace  and  polar
operations.3

Recent progress indicates a promising and rapidly evolving trajectory for H-

batteries.  These  developments  represent  big  steps  toward  practical  H-

batteries operating under milder conditions. The recent progress in HIB elec-
trolytes  reflects  two  complementary  material  design  strategies:  nanoscale
heterostructure  engineering,  exemplified  by  the  core-shell  3CeH3@BaH2

composite,  which  effectively  decouples  ionic  and  electronic  transport;  and
intrinsic  crystal  structure  design,  illustrated  by  the  anti-α-AgI-type
Ba0.5Ca0.35Na0.15H1.85, which  leverages  structural  disorder  to  achieve  superi-
onic  H− conduction. Both  pathways  provide  distinct  insights  and  opportuni-
ties for optimizing H− mobility and stability, underscoring the richness of this
emerging research field.

Looking  ahead,  key  research  priorities  for  HIBs  extend  beyond  material
discovery to include interface engineering for reducing interfacial  resistance,
scalable  manufacturing  processes  for  all-solid-state  cells,  and  full-cell inte-
gration  that  addresses  volumetric  expansion,  current  collection,  and  stack-
level  performance.  Additionally,  understanding  long-term  cycling  behavior
under  realistic  environmental  and  operational  conditions  will  be  critical  for
assessing  commercial  viability.  Interdisciplinary  collaboration  among
chemists, materials scientists, and engineers will be essential to overcoming
these  challenges  and  unlocking  the  full  potential  of  HIBs  in  diverse  energy
storage applications.
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