
Commercialization of CŀǊŀŘƛƻƴΩǎ High Energy 
Density Na-ion Battery Technology 
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Faradion: Introduction 

2 

3
rd

 I
n
te

rn
a
tio

n
a

l C
o

n
fe

re
n

ce
 o

n
 S

o
d

iu
m

 B
a
tt
e

ri
e

s 
 

 
 G

e
e

lo
n

g
, 
D

e
ce

m
b

e
r 

2
0
1
6

 



3 

1. Sustainability. Na is abundant, so a Na-ion battery manufacturing facility may 
be established virtually anywhere in the world with local supplies. Focus on low 
cathode materials (Mn, Ti, Fe etc.). 

2. Performance. We believe we can match best Li-ion in terms of cycle life, rate 
capability, energy density and specific energy. 

3. Cost.  Lower cost of precursor materials, use of aluminium cc etc.  Overall we 
predict a ~30% decrease in $/kWh at cell level. 

4. Safety.  Improved safety, storage and transportation characteristics. 
5. Existing Infrastructure.  We can use existing Li-ion cell manufacturing lines ς for 

pouch, prismatic  and cylindrical cells. Unlike other new battery technologies 
we do not have to re-define cell manufacturing approaches. 

6. IP Landscape.  By comparison, Li-ion technology is a minefield ς it is far easier 
ǘƻ ǎŜŎǳǊŜ ΨŘŜŦƛƴƛǘƛǾŜΩ Lt for Na-ion technology. Plenty of scope for improvements 
as we move forward - we are not limited to incremental enhancements - large-
step improvements possible for Na-ion technology. 

Why Na-ion Batteries? 

A good licensing opportunity for existing Li-ion producers 
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IP Landscape 

Sources: US-PTO, EPO and WIPO (PCT) 

Na-ion Battery Patent Applications 
2000-2016 (August) 
US, Europe and PCT  
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Current Status (December 2016): 
 
Å 22 Patent Application Families Filed 
 Cathode Active: 14 
 Anode Active: 1 
 Preparative Methods: 4 
 Cell Infrastructure: 2 
 Safety & Transportation: 1 
 
Å GB - PCT - National Phase 
Å Europe, China, Korea, Japan, US  

 
Å 2 EP Patent Issued (Dec. 2016) 
Å 6 EP Patent Applications Granted 
Å 2 CN Patent Applications Granted 

 
Å No significant opposition on any 

current application 
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Faradion: IP 
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Cell Structure 
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ÅAll testing performed in 
full Na-ion pouch cells 

 

 

 

 

ÅCells optimized for energy 

ÅElectrode loading 

Å~ 3+ mAh/cm2 

ÅCycling conditions  
Å1.0 ς 4.3 V 

ÅCC, CV 

ÅC/10 to C Rate 

 

Al current 
collector 

Al current 
collector 

+ 
NaaNi(1-x-y-z)MnxMgyTizO2 

Tabs 

Separator, wetted with 
Faradion electrolyte 

Pouch 
material 

ς 
             Faradion Hard 

Carbon 

Na-ion Cell Design 
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Faradion Cell Designs 
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Faradion 
Energy Cell 
Stacked 
A5 Format 
14.8 x 21.0 cm 
 
4-5 Ah 
12-16 Wh 

Faradion  
Energy Cell 
Power Cell 
Stacked 
Varying Footprint 
 
1-4 Ah 
3-14 Wh 

Faradion  
Energy Cell 
Power Cell 
Wound 
Varying Footprint 
 
1-3 Ah 
3-10 Wh 
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Active Materials 
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Database of Na Cathode Materials > 90 classes in total 

Phosphates 

Na3M2XO6 

Na2M2·Ωh6 

(O3,P2)  
Layered Ni Oxides 

Na7M4(P2O7)4PO4 

Na7M3(P2O7)3 

Na4M3(PO4)2P2O7 

O3-Na3Ni2SbO6 

P2-Na2Ni2TeO6 

NaaNi1-x-y-zM
1
xM

2
yM

3
zO2 

Cathode Materials 
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Å Na1-xNi1-x-y-zM
1
xM

2
yM

3
zO2: O3- and P2- type layered oxides 

Å Na ions in the interlayer space 

Pan et al, Energy Environ Sci., 2013, 6, 2338-2360 

O3-layered oxide 

O3 P2 
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Na1-xNi1-x-y-zM
1
xM

2
yM

3
zO2 
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HT Na1-xNi1-x-y-zM
1
xM

2
yM

3
zO2 

50-100 kg Cathode Batches  
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Typical 
particle sizes 
= 2-8 ˃ m 
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(A) Na insertion 
into graphene 
interlayer space 
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Faradion Hard Carbon vs. Na = 280 mAh/g 

Hard Carbon: Faradion 
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(B) Na 
insertion into 
nano-pores 

Capacity fade = 5.9 % in 100 cycles - 0.059 %/cycle 

Na-ion Results: 
Anode = 220 mAh/g 
%FCL = 15.2 % 
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Electrolyte 
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ÁProprietary formulation selected based on a 
combination of cell performance and lowest cost 
 

ÁLow volatility solvents to assist safety characteristics, 
significant PC component 
 

ÁNa electrolytes more conductive than Li so use molarity 
< 1.0 M for most applications (typically 0.5 M) 
 

ÁMixed carbonate-based solvents; NaPF6 salt 
 

ÁCommercial separator grades 

Electrolyte 
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Na-ion Cells: Performance 
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ÅReversible cathode 
specific capacity 
= 157 mAh/g 
 
ÅAverage discharge 

voltage 
= 3.20 V 
 
ÅCathode specific 

energy 
= 500 Wh/kg 
 
ÅRound trip energy 

efficiency  
> 91 % 
 
ÅLow polarization 
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Voltage Profile: Gen#2 

Cycle#2 
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D2 (cathode): 157 mAh/g 
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Prototype Cells 
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Faradion Na-ion Prototype Cells °C/7

± C/7 ± C/5 

± C/3 ± C/2 
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