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Faradion Introduction
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FARANiaN Why Na-ion Batteries?

Advanced Energy Storage Solutions

1. Sustainability Na is abundant, so a N@an battery manufacturing facility may
be established virtually anywhere in the world with local supplies. Focus on |
cathode materialsNin, Ti, Fe etc.).

2. PerformanceWe believe we can match bestibn 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.

Safety. Improved safety, storage and transportation characteristics.

Existing Infrastructure.We can use existing-lan cell manufacturing linesfor

pouch, prismatic and cylindrical cells. Unlike other new battery technologies

we do not have to ralefine cell manufacturing approaches.

6. IPLandscape.By comparison, tion technology is a minefieldit is far easier
02 &S OdzNB forRa&oh teafiriology. @18y ofLlstope for improvements
as we move forward we are not limited to incremental enhancementirge
step improvements possible for Nan technology.
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3rd International Conference on Sodium Batteries

A good licensing opportunity for existing-ion producers
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FARADG G

Advanced Energy Storage Solutions

Faradion:

Current Status (December 2016):

A 22 Patent Application Families Filed
Cathode Active: 14
Anode Active: 1
Preparative Methods: 4
Cell Infrastructure: 2
Safety & Transportation: 1

A GB- PCT- National Phase
A Europe, China, Korea, Japan, US

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

A No significant opposition on any
current application

EP 2 761 687 B1

Patent Offtce

19 ket
_a)) NATWRERAN R RT0

Otfce européen
ety (1) EP 2 761 687 B1
(12) EUROPEAN PATENT SPECIFICATION
(45) Date of publication and mention (51) IntCl:
of the grant of the patent: CO1B 25/38(2006.01) CO1B 2542 (2006.01)
03.02.2016 Bulletin 2016/05 CO1G 45/00 200%07) CO1G 51/00 2007
CO1G 53100 200607 HO1B 1108 (2006.01)
(21) Application number: 12769157.4 HOTM 4158 00600 HOTM 10054 @100
(22) Date of filing: 25.09.2012 (88) International application number:
PCTIGB2012/052363

(87) International publication number:
WO 20131045905 (04.04.2013 Gazette 2013/14)

(54) CONDENSED POLYANION ELECTRODE
KONDENSIERTE POLYANIONELEKTRODE
ELECTRODE A BASE DE POLYANION CONDENSE

(84) Designated Contracting States: » ESSEHLIR ET AL: "Synthesis, crystal structure
ALATBEBGCHCYCZDEDKEEESFIFRGB and infrared spectroscopy of a new non-
GRHRHUIEISITLILTLULV MC MKMT NL NO centrosymmetric mixed-anion phosphate
PL PT RO RS SE SI SK SMTR Na4Mg3(P04)2(P207)", JOURNAL OF ALLOYS

AND COMPOUNDS, ELSEVIER SEQUOIA,
(30) Priority: 30.09.2011 GB 201116877 LAUSANNE, CH, vol. 493, no. 1-2, 18 March 2010
(2010-03-18), pages 654-660, XP026928421, ISSN:

(43) Date of publication of application: 0925-8388,D0I: 10.1016/J.JALLCOM.2009.12.181
06.08.2014 Bulletin 2014/32 [retrieved on 2010-01-04]

* FRANCISCA SANZ ET AL: "Crystal Structure,

(73) Proprietor: Faradion Ltd. Magnstic Properties, and lonic Conductivity of a
Sheffield S1 4DP (GB) New Mixed-Anion Phosphate Na4 Ni5 (PO 4)2

(P207)2", CHEMISTRY OF MATERIALS, vol.

(72) Inventor: BARKER, Jeremy 11, no. 10, 1 October 1999 (1999-10-01), pages
Chipping Norton 2673-2679, XP055049856, ISSN: 0897-4756, DOL:
Oxfordshire OX7 6EH (GB) 10.1021/cm981105s

* KHIEM TRAD ET AL: "A Layered Iron(lll)

(74) Representative: Bingham, lan Mark Phosphate Phase, Na3Fe 3 (PO 4 ) 4 : Synthesis,
IP Asset LLP Structure, and Electrochemical Properties as
Patent Formalities Positive Electrode in Sodium Batteries"”,

267 Banbury Road JOURNAL OF PHYSICAL CHEMISTRY C, vol. 114,
Oxford, Oxfordshire OX2 7THT (GB) no. 21, 3 June 2010 (2010-06-03) , pages
10034-10044, XP055049271, ISSN: 1932-7447,

(56) References cited: DOI: 10.1021/jp100751b
EP-A1-2752925 EP-A2- 1 544 930 * UEBOU Y ET AL: "Electrochemical insertion of
WO-A1-2012/024001  US-A1- 2004 206 938 lithium and sodium into (Mo02)2P207",

JOURNAL OF POWER SOURCES, ELSEVIER SA,
CH, vol. 115, no. 1, 27 March 2003 (2003-03-27),
pages 119-124, XP004414858, ISSN: 0378-7753,
DOL: 10.1016/S0378-7753(02)00648-1

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposifion to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Geelong, December 20
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Cell Structure
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FARAN N Na-ion Cell Design

Advanced Energy Storage Solutions

AAll testing performed in
full Naiion pouch cells

@

NaNij .y MNMg, TLO,

Geelong, December 2016
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FaradionHard
Carbon

Al current
collector

Al current
collector

ACells optimized for energy
AElectrode loading

Separator, wetted with
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; ENERG) Faradion electrolyte
< | APPS
A Cycling conditions <—_ Pouch
A1.0c4.3V material
ACC,Ccv

A C/10 to C Rate
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Faradion Faradion Faradion

Energy Cell Energy Cell Energy Cell
Stacked Power Cell Power Cell

A5 Format Stacked Wound

14.8 x21.0cm Varying Footprint Varying Footprint
4-5 Ah 1-4 Ah 1-3 Ah

12-16 Wh 3-14Wh 3-10Wh

JWMG

THE UNIVERSITY OF WARWICK
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Active Materials
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!Aﬁ#_’!iiiﬁ Cathode Materials

ced Energy Storage Solution

Database of Na Cathode Materials > 90 classes in total

Geelong, December 2016

4 + )
Na;M,4(R,0,),PO,
NaM3(P0)s
Na,M5(PQ),P,0,
- )
03NaNi,SbQ
P2Na,Ni,TeQ
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Advanced Energy Storage Solutions %
A Na, Ni 1-xy-zMM2 M3,0,: O3 and P2 type layeredoxides 2
A Na ions in the interlayespace 5
(a) (b) S
350 O3layered oxide e e e QA_A__A__° §
300 o “D o L) ° o o o
5250 C @ o * 2b
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2-Theta(°) Panet al, Energy Environ Sci., 206323382360
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HV [Spot| WD |Det| HFW XLSEM6521 2014491237 NAB10T9 HV [Spot| WD |Det| HFW | ’xPSEM6593NABwor13:ox‘45oogs3

S5kV| 3 [9.9mm SE|[22.2 5 um SkV| 3 110.1 mm SE 22.2 5 ym
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Advanced Energy Storage Solutions

FARAMjgN HTNa Ni. M. M2 MO0,

HALDOR TOPSOE (M)
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."',45,4.’,’1'(‘[‘[." Hard Carbon: Faradion

Advanced Energy Storage Solutions

300

Geelong, December 2016
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FaradionHard Carbon vs. Na = 280Ah/g

(A) Nainsertion
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into graphene
J interlayer space / g e g .
s L / (B)Na
£ / insertion into g ® Nzion Results:
g XY /| nanopores : Anode = 22GnAhg |
5 %FCL = 15.2 %
I 0 0 10 20 30 40 50 60 70 80 90 100
0 0 50 100 150 200 250 300 350ﬁ_400 Cycle #

Specific Capacity [mAh/g]

Capacity fade = 5.9 % in 100 cycl€s059 %l/cycle
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Electrolyte
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!Aﬁ#ﬂiﬁﬁ Electrolyte

ced Energy Storage Solution

A Proprietary formulation selected based on a
combination of cell performance and lowest cost

Geelong, December 2016

A Low volatility solvents to assist safety characteristics,
significant PC component

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

A Mixed carbonatebased solvents; Napgalt
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Na-1on Cells: Performance
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FARAMir N ile:
TRARY l”” Voltage Profile: Gen#2
Advanced Energy Storage Solutions

A Reversible cathode ; S
specific capacity ) N — 5
— T (]
- 157 mAh/g % 3 \></ 0

. 1l -

AAverage discharge 3 2| : g
voltage 3 1 D2 (cathode): 15MANg \ g
=3.20V ﬂé

0 0 20 40 60 80 100 120 140 160 §

A CathOde SpeC|f|C Cathode Specific Capacity [mAh/g] §
Energy 400 %
=500Wh/kg ~ 2

Z, 300 A 8
. < E
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> 91 % T 0 yal =
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FARANogN Prototype Cells

Advanced Energy Storage Solutions

Faradion Na-ion Prototype Cells °C/7
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Geelong, December 2016
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