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Journal of Materials Chemistry A
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Journal of Materials Chemistry A BX|[&=2 MH
- Li,COsZ LiIOH - H,0Z 22X OZ MEA|7|= 7|sM Eta-24 STHH|

Carbon-metal complex as a functional material that governs the efficient conversion of Li,COs to LiOH-H,O
*.F14.511/* 2024 Journal of Materials Chemistry A (Cover)

Novel synthesis of highly phosphorus-doped carbon
as an ultrahighrate anode for sodium ion batteries.

PCB-500: The Future of Ultra-High Rate Sodium-lon Batteries
Revolutionary P-Doped Carbon Anode Technology

The global shift toward electric vehicles and sustainable energy demands batteries that
are not only high-performing but also cost-effective. PCB-500 represents a
breakthrough in Sodium-lon Battery (SIB) technology, offering a sustainable, high-pow-
er alternative to traditional Lithium-ion systems.

Core Technology & Innovation

1. Advanced Solution Plasma Process (SPP)

- Novel Synthesis: Utilizing a simple, in-situ solution plasma process to create high-qual-
ity P-doped carbon balls.

- Solid-to-Liquid Precursor: A unique approach using molten triphenylphosphine as a
single precursor for both Carbon and Phosphorus.

- Economical Production: Heat-treated at a low temperature of 500°C, significantly
reducing manufacturing energy costs compared to traditional methods.

2. Superior Material Engineering

- High Phosphorus Doping: Successfully achieved a 4 at% Phosphorus content,
doubling the doping level of conventional carbon anodes to maximize active sites.

- Hierarchical Pore Structure: A complex architecture of micro-, meso-, and macropores
that shortens Na* diffusion paths for ultra-fast ion transport.

- Amorphous Stability: A disordered amorphous structure that provides excellent
structural integrity during long-term cycling.

Key Commercial Advantages

- Unmatched Safety: The sloping-region dominant discharge profile eliminates safety
concerns regarding sodium dendrite growth.

- Rapid Charging Capabilities: Engineered for high-power applications, delivering the
best rate performance among carbonaceous materials reported to date.

- Cost-Efficient & Sustainable: Leverages abundant sodium resources and a simplified
synthesis route to reduce the total cost of energy storage.

10 PRIONE
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Journal of Materials Chemistry A

HZstsH20F HRIX| ‘Journal of Materials Chemistry A BX[E=2 MH

SLIEE O|2HX|8 1145 Btz 7HE

Maximization of sodium storage capacity of pure carbon material used in sodium-ion batteries
*.F 14.511 / * 2013 Journal of Materials Chemistry A (Cover)

Na-C: Pre-Doped Carbon Anode for High-Capacity
Sodium-lon Batteries

1. Technical Breakthrough

- In-situ Na Pre-doping: By integrating sodium atoms directly into the carbon matrix

Jourmal of
T i ials Chemistry A during synthesis, the material inherently compensates for capacity loss.

gy arel mui sy

- Advanced Co-intercalation Mechanism: Utilizes ether-based electrolytes to facilitate
% the seamless movement of solvated Na* complexes, maximizing storage efficiency.

@ - SEl-Free Interface: The unique surface architecture prevents the formation of a thick

@.‘ Solid-Electrolyte Interphase (SEl) layer, significantly reducing internal resistance.

i

2. Game-Changing Performance

- Self-Compensating Efficiency: The released pre-doped sodium drives the Coulombic
Efficiency (CE) beyond 100% (up to 104 %) during cycling, a phenomenon unique to this
technology.

175: - Capacity Growth Effect: As pre-doped sodium is released, new internal voids are
created, allowing the reversible capacity to increase progressively over cycle numbers.

- Ultra-Fast Kinetics: Demonstrates exceptional power density, maintaining over 76%
capacity even ata100C discharge rate.

Journalof . b
Materials Chemistry A | Key Technical Specifications
q Feature Metrics Technical Insight
Initial Coulombic 85% Unprecedented ICE for high-surface-area
Efficiency nanomaterials
i Maximum >400mAh/g 2.5x higher than conventional

Reversible Capacity hard carbon anodes.

Minimal charge-transfer resistance

Power Retention 76% @100C  for high-power output.

Sustained long-term stability

& .
‘( et ol o CycleLife >1000 Cycles with increasing capacity

12 PRIONE
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SIB ANODE MATERIAL
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Patented Innovation in Energy Storage
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Seawater Battery comprising a heteroelement-doped nanoporous carbon composite cathode and
a porous polymer-Prussian blue composite separator

ra oo

Synergy of Dual-Heteroelement Doped Anodes & Prussian Blue
Composite Separators

Our newly patented technology (Application No. 10-2026-0010082) addresses the critical limitations of conventional hard carbon
anodes and non-selective polymer separators. By combining advanced material engineering with selective ion-conduction, we deliver
a high-capacity, ultra-stable energy storage solution for marine and aqueous environments.

Technical Innovation

The global shift toward electric vehicles and sustainable energy demands batteries that are not only high-performing but also
cost-effective. PCB-500 represents a breakthrough in Sodium-lon Battery (SIB) technology, offering a sustainable,
high-power alternative to traditional Lithium-ion systems

1. NS-Doped Nanoporous Carbon Composite Anode

- Dual-Heteroelement Doping: Nitrogen (N) and Sulfur (S) are co-doped into a nanoporous carbon framework to

maximize Na* adsorption and storage capacity.

- High-Rate Performance: This structure overcomes the high-rate limitations of traditional biomass-derived hard carbons,
ensuring stable capacity recovery even at high current densities.

- Controlled Nanostructure: Precise control over specific surface area and nanopore distribution prevents the capacity decay
typically seen in high-current operations.

2. Porous Polymer-Prussian Blue (PB) Composite Separator

- Selective lon Channels: Prussian Blue (PB) micro-particles are uniformly dispersed within a porous polymer matrix

(such as PVDF or PTFE) to provide selective Na* ion pathways.

- Structural Integrity: The 3D Fe-C=N-Fe network of Prussian Blue allows for reversible sodium insertion and extraction
while filtering out seawater contaminants.Reduced Interface

- Resistance: Unlike conventional non-selective membranes (PP/PE), our composite separator minimizes interface resistance
and prevents structural degradation caused by metal ion elution.

Key Performance Advantages

Feature Technical Benefit Impact on Seawater Battery
High Initial Coulombic Mitigates the 60~80% ICE Higher energy density and
Efficiency (ICE) limitation of standard hard carbons. lower processing costs.
Cycle Stability Preyents structural dc-_?cay and metal elution Rel'lable operatlon in harsh,
during long-term cycling. saline environments.
. . Selective conduction via the open-channel Superior ion conductivity and
Sodium lon Selectivity . . .
structure of Prussian Blue. low internal resistance.
Restores initial capacity even after imi igh-
Rapid Recovery Store pacity - thlmlzed for hlgh power
switching from 5C to 0.1C current densities. discharge requirements.
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Carbon an international journal

xH=Zstst 20k HQ|X| 'Carbon' % ‘Journal of Materials Chemistry A' H|xH
- LIEE 0|2 MX| A slis= XIS X145 Bt 5= AKX i

o 1S

Facile in situ synthesis of dual-heteroatom-doped high-rate capability carbon anode for rechargeable
seawater batteries

Ultra-High Rate & Long-Life Carbon Anodes for Next-Generation
Energy Storage

Optimized for large-scale Energy Storage Systems (ESS), our carbon anode lineup is synthesized via an innovative Solution Plasma
Process (SPP). These materials overcome the traditional limitations of sodium-based batteries, providing high-rate capability and
long-term stability using earth-abundant resources.

Core Technology & Innovation

‘In-situ SPP Synthesis: A facile, one-step plasma-in-liquid process that synthesizes
high-quality carbon directly from precursors, significantly simplifying the manufacturing
route.

Carban

-Strategic Heteroatom Doping: High-concentration doping of Phosphorus (P) or
dual-doping of Nitrogen (N) and Sulfur (S) to maximize electrical conductivity and active
storage sites.

-SEI-Free Technology: Advanced surface engineering and the use of ether-based

electrolytes allow for a co-intercalation reaction that avoids the formation of a thick Solid
Electrolyte Interphase (SEI) layer.

1. PCB-500: Ultra-High Rate P-Doped Carbon

-P-Doping: 4 at% Phosphorus content creates abundant active sites for rapid sodium
adsorption.

-Performance: Achieves a reversible capacity of 340 mAh g™ at1 A g™ and survives
40,000 cycles even at an ultra-high current density of 100 Ag™

2. Na-C: Self-Compensating Pre-Doped Carbon

‘Mechanism: Sodium is pre-doped during synthesis; its release during discharge
compensates for initial capacity loss.

-Performance: Exhibits a Coulombic Efficiency (CE) exceeding 100% (up to 104%) during
cycling, with reversible capacity increasing over time as new void spaces are created.

3.NS/C: Dual-Doped Carbon for Seawater Batteries
- Design: Specifically engineered with N and S co-doping for stable operation
in seawater environments.

- Seawater Application: Validated with over 1,500 cycles at a high current density of
10 A g proving its practical viability for marine ESS.

18 PRIONE
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SEAWATER BATTERY CELL PERFORMANCE EVALUATION
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SEAWATER BATTERY ESS OVERVIEW
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ENERGY STORAGE SYSTEM
APPLICATION AREAS :zxesse
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ENERGY STORAGE SYSTEM
APPLICATION AREAS :xxess 22 201
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