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Phostech, a 100% subsidiary of Sud-Chemie AG

Based on strong material and process patents/
applications, including exclusive license of
Hydro-Québec and Texas University, Phostech
produces and sells LiFePO,

Exclusive HQ/UT license T e

0.05mA * cm-2, 2.1 mA +g-"

US 5,910,382 (Prof. J. Goodenough)
Application as cathode material
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LiFePO, Olivine Cathode Material

Li-extraction with preservation of
structure and specific volume
= High cycle stability ©

theoretical capacity: 169mAh/g
practical capacity: 155mAh/g

= < 10% Li-surplus in cell
= High tolerance versus over-charge ©

Cell voltage:

+3,45V vs. Li-metal
+3,2V vs. graphite

= less electrolyte aging ©

= flat-voltage discharge curve ©

1-dim. Li*-conduction
1-dim. e--conduction

= low bulk conductivity ®



Measures to overcome kinetic limitation
=> preakthrough for LiFePO,

C-LiFePO,

sub-micron particles + carbon deposit

= high-power capability




LiIFePO,-FePO, stability

Natural triphylite LiFe(+2)PO, Natural heterosite Fe(+3)PO,
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Phostech
“molten process” LiFePO,

made at 1000°C



Thermal stability of Cathode Materials
Heat evolution and oxygen loss
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Phostech commercial products

P2 - Power Grade P1 - Energy Grade

I
S-4700. HQ 5.0kV 9. 7mm x50.0k SE(U) 11/1/05 1.00u S-4700HQ 5.0kV 9.8mm x20.0k SE(V) 11/1)06

Nanosized Micro- Aggregates
+ Under-development products to fulfill customers needs

125 Tons combined sales of LIFePO4 in 2007 !
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Cell optimized for
Medium Power/Medium Energy
applications
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LiFePO,

Nominal Voltage (V)

3.3

Nominal Capacity at C rate (Ah)

25

Maximum Discharge Current at 25°C (A)
Continuous
2s Pulse

200ms pulse

Specific Energy (Wh/kg)

Energy Density (Wh/L)

Specific Power at 25°C 100% SOC (W/kg)
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Pulse Power retention with ageing

2500 W/kg 18sec Discharge PP @ (70-100)% SOC & 25°C
1900 W/kg 18sec Charge PP @ (20-80)% SOC & 25° C
Nearly no power loss after 700 full cycles @ 1C rate & 60°C

18 second Specific Discharge Power vs SOC at 25°C

-

yd — New cell

——Aged cell

20% 40% 60% 80%
SOC (%)

Discharge PP

18 second Specific Charge Power vs SOC at 25°C

T
o -

/

/
= Newcell ——Agedcell | |
0% 20% 40% 60% 80% 100%
SOC (%)

Charge PP



12V/24V System
Pat. with charger port
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3.2V 10Ah-250Ah
Pat. Cylindrical Cell

3.2V 23Ah -144Ah
Pat. Prismatic Cell




L D By ©
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ENVIROFRIENDLY Battery
Pihsiang Energy Technology Co., Lid,

ev@pihsiang.com.tw

GREENRUNNER® EV
Using The PHET World PAT. Fault-Tolerant C-LiFePO, (World. Pat.) Battery
on the EV made by The PMMC (Pihsiang Machinery MFG. Co., LTD.)

Model Slow Speed Urban Car  (LQ) High Speed Urban Car  (HQ)
Capacity Economy Standard Long Range Economy Standard Long Range
Maximum Speed (km/h) 45 ~50 45 ~50 45 ~50 64~80 64~80 64~80
Autonomy* (km) 85 100 138 75 93 120
Motor AC (KW) 4 4 4 7.5 7.5 7.5
Charging Time (H) standard plug 230V 30 A 3.5 4.5 6.5 3.5 4.5 6.5




i

..'lﬁ,'-,.’

i

LI

H ||

_—
» —
—t
e |
-
pe——
—_—
—
-
v
™
2

T

,'.“.9..- | | : -
-“This is a company that is seriously \

committed to making HEV, PHEV and EV *
an affordable reality for the consumer”
Prof. Andrew Frank, UC Davis
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¢

K2 Energy Solutions, Inc.
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Ragone plot of 26650 cells

K2 - 3.2Ah Energy Cell

1200W/kg @ 80Wh/kg

K2 - 2.5Ah Power Cell
s 26650 EV Cell

900 1200 1500
W/kg
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K2 Energy Solutions, Inc.
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Capacity (mAh)
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Life Cycle 18650 1.25 Ah Power Cell

1.1A charge / 2.2A discharge

400 600 800 1000 1200
Cycle
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Phostech LiFePO, stability = safer batteries

NO FIRE - NO EXPLOSION
SAFE BATTERY I

Battery test performs by ITRI & ExtraEnergy on
PHET® battery pack

VL25Fe cells abuse testing:
(= 1 kg cell)

Safety Tevel A (intr sic pack safety)
Temperature performance

Over-voltage behavior
Over-charge behavior

No fire with slow nail
No fire with overcharge




Conclusion

Under several controlled licences/patents/applications, Phostech produces and sells
C-LiFePO4(Power and Energy grades) to battery manufacturers.

When properly used in rigorous conditions, e.g. low-water content, C-LiFePO4 leads
to excellent energy, power, and cyclability performances.

Phostech’s product are used in many commercial products and applications and are
being validated/in qualification worldwide by most lithium battery manufacturers.

Material intrinsic stability leads to safer cells, important for application using large
lithium-ion batteries (PHEV, EV, UPS, Storage, Grid Stabilisation,...).

Phostech develops new C-LiFePOs grades and collaborates with customers to
design products and specifications best adapted to their applications.
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