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SIBs: a compelling alternative to LFP

Sodium-ion batteries (SIBs) LFP batteries

Critical Materials Sodium abundant and widely 
distributed Dependent on lithium supply

Supply-chain resilience Lower exposure to lithium 
constraints and price volatility

Still exposed to lithium availability 
and pricing

Cost Potential for lower and more stable 
cost at scale

Low-cost Li-ion benchmark, but 
lithium remains a structural 
dependency

Temperature stability Stable at a wide range of 
temperatures More limited at low temperature

Safety and logistics Potential intrinsic-safety and 0 V 
transport/storage advantages No equivalent 0 V advantage

Energy density Comparable to LFP in leading 
systems Strong commercial benchmark
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Layered oxides

Polyanionic compounds

Prussian blue analogues

Organic cathodes 

Carbonaceous anodes 

Alloy anodes

Conversion anodes

Intercalation anodes

Sodium metal

SIBs: PW and anthracite derived HC
Prussian White and hard carbon offer a practical sodium-ion cell chemistry



Prussian Blue Analogues
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M1, M2 =transition metals

A is an alkali metal (Na)

y fraction of filled hexacyanometallate sites

z water content

Fe in M1  can be a mixture of Fe²⁺/Fe³⁺ 
Low x, more vacancies, higher water → cubic 

High x, low vacancy content → monoclinic 

Very low water content → rhombohedral 

AxM1[M2(CN)6]y
□

1-y∙zH2O NaxFe[Fe(CN)6]y
□

1-y∙zH2O

Vacancies, water and sodium content strongly control structure and performance



Prussian White synthesis: why nucleation and growth matterPrussian White synthesis: nucleation and growth

•Acid destabilises the Fe–CN framework 

•Fe centres undergo disproportionation 

•Dissolved species reassemble and reprecipitate 

•Separate addition of metal and hexacyanometallate precursors 
•Presence of a chelating agent
•Mixing generates rapid supersaturation 
•Fast nucleation of the PBA phase 
•Crystal growth follows from continued ion supply 

1) ACS Appl. Energy Mater. 2021, 4, 6, 6214–6220; https://doi.org/10.1021/acsaem.1c00987
2) https://www.youtube.com/watch?v=4QInxAVJots
3) Nat Commun 11, 980 (2020); https://doi.org/10.1038/s41467-020-14444-4
4) J. Mater. Chem. A, 2023,11, 15778-15791; https://doi.org/10.1039/D3TA02570E

https://doi.org/10.1021/acsaem.1c00987
https://www.youtube.com/watch?v=4QInxAVJots
https://doi.org/10.1038/s41467-020-14444-4
https://doi.org/10.1038/s41467-020-14444-4
https://doi.org/10.1038/s41467-020-14444-4
https://doi.org/10.1038/s41467-020-14444-4
https://doi.org/10.1038/s41467-020-14444-4
https://doi.org/10.1038/s41467-020-14444-4
https://doi.org/10.1038/s41467-020-14444-4


Prussian White synthesis: why nucleation and growth matterPrussian White: small scale synthesis

30g batch synthesis (coin cells)

1M NaPF6 in EC:DEC
110 mAh/g at 1C
capacity retention of 
79% at 600 cycles

Modelled performance of 
multilayer pouch cells 
using data from current 
results

Optimised lab-scale synthesis delivers strong and stable electrochemical performance



C-rate Retention (%)

C/10 100

C/5 98

C/2 94

1C 91

2C 85

5C 70

C/10 100

Material characteristic Batri HC

N2 BET surface area (m2/g) 6.6

Average pore diameter (nm) 11.9

Total pore volume (cm3/g) 0.0195

Particle size (µm), D50 9.7

Coal to carbon anode process optimisation
Hard carbon performance depends on controlling precursor processing and structure
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Temperature stability of PW at 40oC- 
influence of electrolyte composition and 
additives

Performance in various electrolyte compositions and temperatures
Electrolyte choice and temperature strongly influence performance



Prussian White: synthesis scale-up
200g batches using 10L reactor: control of structure, particle size/morphology and consistent performance 



Prussian White electrode design: towards industry standard
PW:CB:(CMC+SBR) (94:3:3);  10 mg/cm2 (1.8 mAh/cm2); Porosity (calc.): 27%

Coin cell
Electrolyte: 1M NaPF6 in G2
C rate: C/10



Single-layer pouch cells translate materials into device-level validation

Cathode: PW31; 92% AM;
Anode: Gen2 batch 9; 92% AM
Initial areal capacity: 1.2 mAh/cm2
N:P ~1.3



First cycle DCH: 100 mAh/g (C/10)

3C4A (0.2Wh) cell

N:P ratio: ~ 1.3
Low initial impedance ~50mΩ (improved vs SLP)

Multilayer cells demonstrate progress towards practical sodium-ion prototypes



➢ Sodium-ion is now a credible complementary battery 
technology

➢ Performance depends on controlling synthesis, structure and 
processing

➢ Real impact comes from linking materials chemistry to 
prototype validation

Swansea Team:  Marcin Orzech, Sajad Kiani, Darren Ould and 
Ashley Willow

Batri Team: Emma Freeman, Brent De Boode and
Stephen Hughes

From materials chemistry to working prototypes
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