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LiCoO: inventor John B. Goodenough and his team discover lithium metal
phosphate cathode at the University of Texas at Austin (UT)

John B. Goodenough and his team patent lithium metal phosphate cathode at UT

Hydro-Québec (HQ) obtains an exclusive license on Goodenough’s invention
from UT

UdeM's R&D on C-LiFePO4 lead to patent co-owned (1/3:1/3:1/3) by Université
de Montréal (UdeM), French CNRS and ACEP Inc. (50/50 HQ/Yuasa }V)

UdeM's R&D on C-LiFePO4 processes lead to patents co-owned (1/3:1/3:1/3) by
UdeM, CNRS and HQ

Phostech founded by UdeM researchers following obtention of rights for
manufacture/sales of lithium metal phosphate for Li-ion from UT, HQ, UdeM
and CNRS

UdeM’s R&D on LiMPO, synthesis by a melt process lead to patent co-owned by
UdeM, CNRS and Phostech

Slid-Chemie independent R&D program on LiFePO4s cathode in Germany
(Moosburg R&D center)

Siid-Chemie patents wet-process for LiFePO,

Phostech Lithium starts commercial operation for solid state process in Québec
Suid-Chemie starts pilot operation for wet-process in Germany

Siid-Chemie initiates relationship with Phostech Lithium

Silid-Chemie initial investment into Phostech Lithium

Phostech Lithium 100% owned subsidiary of Siid-Chemie
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Dr. John Bannister Goodenough US 5,910,382 assigned to Board of Regents
Lithium Metal Phosphate cathode inventor The University of Texas System, Austin TX
Japan Prize (2001) for his works on batteries 1

U.S. Presidential Enrico Fermi award winner (2009)
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M EePONCharacteristics

I. Thermal stability

o LiFePOy4 is made of a skeleton of PO4 polyanions that is very stable thermally while favorable to
one dimensional Li* ion reversible diffusion

« Covalent P-O bond stabilize the oxide when fully charged and avoid O release making LiFePO4
the most stable commercial cathode material

« LiFePOy4 stability and tolerance to overcharge make possible cost reduction associated to external

safety devices

2. Good electrochemical characteristics

* Long calendar life for the stable olivine structure
« High tolerance to high and low-voltage abuse
« Lower thickness change of full cell during charge/discharge

charge

3. Abundant resource of basic elements —_—
D

discharge

* Fe and P are common components

4. Envu'onmentally f"endly The olivine structure is stable during

: Li-ions insertion and extraction.
* No toxic elements

WHYICPINFEP O

Some physical parameters of cathode materials

Cathode Electric Conductivity Solid diffusion coefficient
LiCoO, 103~10* S/cm 107~107 cm?s
LiMn2O4 10>~10¢ S/cm 10°~10-'2 cm?/s
LiFePO4 10°~10-'° S/cm 10-'2~10"'* cm?/s

Pure LiFePOy4, shows lower conductivity for the one-dimensional model of Li* diffusion among 3D
structure. Lower solid diffusion coefficient and electron conductivity, are major problems before
it can be applied in power cell

How to improve conductivity and rate performance ?

Pyrolytic carbon deposit ! Submicron-sized particles !

Ravet et al. invented in 1998 the

use of a conductive pyrolytic
f-" carbon nano-deposit on LiFePO4
! (US 6,855,273, US 6,962,666 & US

deposit

7,344,659)
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ENERGY

Life Power® Pl grade is micro-aggregates C-LiFePO4
manufactured by solid-state process and designed for cathode
formulation in the production of energy lithium batteries

Life Power® Pl is ideally suited for lithium batteries used in
consumer batteries, as replacement of VRLA batteries, in e-bike,
e-scooter, small mobility, UPS, EV's, ...

Technical Information:

convenient coating processability
specific electrochemical capacity of ca. 140 mAh/g
carbon content : | to 2 wt.%

average particle size (Dso) : 2 to 4 pm
surface area (BET) : 10 to 15 m2%/g
water content < 1000 ppm

For More Information:

info@sud-chemie.com

K2 Energy Solutions LFP300ES (90Ah) K2 Energy Solutions LFP26650EV
300 A continuous and up to 700+ amp pulses 3,200 mAh designed for EV’s applications

-
500 1000 1500 2000 2500 3000 3500 -
-
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POWER

Life Power® P2 grade is submicron C-LiFePO4s manufactured by
advanced wet-process and desighed for cathode formulation in
the production of power lithium batteries

Life Power® P2 is ideally suited for lithium batteries used in
power tools, SLI batteries, HEV's, PHEV's, EV's, large storage
batteries, defence applications, ...

Technical Information:

specific electrochemical capacity of ca. 150 mAh/g
carbon content : 2 to 3 wt.%
nano-sized primary particles

average particle size (Dso) : 0.5 to | pm
surface area (BET) : 12 to 18 m2%/g
water content < 1000 ppm

For More Information:

info@sud-chemie.com

td @19Mod 9317

VLIOVFe

VL25PFe

VLA45EFe

3 SAFT Space & Defense Division is the U.S.s largest supplier of Li-ion
batteries for space and for hybrid electric military vehicles.
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puET &
ITRI & ExtraEnergy PHET® e-bike >
-~ battery pack crush test (10 Tons)
E'.—.
Safety level A (intrinsic pack safety) m
Temperature performance 4 \ g x 4
Superb { Over-voltage behavior @5 e
Over-charge behavior A& <
v
Short Circuit Overcharge A
Overcharge Slow Nail 4
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VLIOFe - 10 Ah VL25Fe - 25 Ah
Very High Power =ar Medium Energy / Medium Power
128 VL25Fe
1250

—25A  —50A

—75A 125A
—200A  —250A
—375A  —1200A

Porsche SLI Battery
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Life Power® "Material” IP

United States Patent

I * I Canadian
Intellectual Property
Office

LiIFePOWER

PERFORMANCE BATTERY MATERIAL

“"Multicore™ Material IP
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PERFORMANCE BATTERY MATERIAL

Life Power® C-LiFePOy
is used and evaluated by numerous companies



Worldwide Customer Service

Tel: +49 8761 82-0-—.- =
Tel: +82-54-278-2141 Fax: +49 8761 82-222

Fax: +82-54-278-2147 ‘N . . b

I o |
E-mail; research@sud-chemie.com

Worldwide / North America Europe, Middle East & Africa
Phostech Sales and Marketing Phostech EMEA
Phostech Lithium Inc. Sid-Chemie AG
280, Avenue Liberté Waldheimerstrasse |5
Candiac, Québec, J5R 6XI 83052 Bruckmuhl
Canada Germany
Tel.: +1 514-906-1359 Tel.: +49 (0)8061-4903516
Fax: +1 450-638-5995 Fax: +49 (0)8061-4903519
E-mail: info@sud-chemie.com E-mail: emea@sud-chemie.com
China Japan
Phostech China Phostech Japan
Stid-Chemie China Siid-Chemie Catalysts Japan, Inc.
2201 Westgate Tower 5F Shinjuku MAYNDS Tower
1038 West Nanjing Road, Shanghai, 20004 | I-1,Yoyogi 2-chome, Shibuya-Ku, Tokyo 151-0053
China Japan
Tel: +86-21-62184480 # |7 Tel: +81 (0)3-5308-9381
Fax: +86-21-62184491 Fax: +81 (0)3-5308-9330
E-mail: china@sud-chemie.com E-mail: japan@sud-chemie.com
Korea <
Germany _—— -
Phostech Korea Life Power® P2 R&D / Prod L] <
- . L >
Stid-Chemie Korea Co,, Ltd. Stud-Chemie AG ;r o
527, Okmyeong-Ri, Daesong-Myeon Ostenrieder Straf3e 15, @ E
Nam-Gu, Pohang City, Gyeongbuk D-85368 Moosbufg......, @
Korea = m 0
D :
b -
ol .

E-mail: korea@sud-chemie.com

To best serve our customers
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Sud-Chemie invests 60 M€ to establish a
2,500 t/year Life Power® facility in Québec !

Commercial production will start in 2012
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Phostech Lithium inc., a Sud-Chemie Company

280, avenue Liberté
Candiac, Québec, J5R 6XI
Canada

Tel.: +1 514-906-1342
Fax: +1 450-638-5995

E-mail: info@sud-chemie.com

% www.phostechlithium.com
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