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Nanophosphate® LFP power cell vs. regular LFP
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LFP batteries are inherently safer than other lithium batteries

Battery safety considerations

Transition & maximum temperatures in thermal runway by cathode chemistry (°C)’
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Oxygen release usually reacts with the organic electrolyte increasing the heat generation during thermal runaway.
The olivine structure of LFP cathode materials leads to no exothermal decomposition reaction, so even if the LFP
cathode is overheated, no gaseous oxygen is released.



Voltage (V)
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ANR26650M1B Discharge Voltage Profiles
25°C Ambient Temperature In Open Air
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Temperature (°C)
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ANR26650M1B Discharge Temperature Profiles
25°C Ambient Temperature in Open Air
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Discharge Currents

Table 23 — ANR26650%#¢7-B Max continuous discharge currents wrt temperature and SOC

Temp("ON %SOCd> 0% 10% 20%  30%  40% 50% 60% 70%  80%  90%  100%
85 0 0 0 0 0 0 0 0 0 0 0
65 0 40 40 40 40 40 40 40 40 40 40
30 0 40 40 40 40 40 40 40 40 40 40
25 0 40 40 40 40 40 40 40 40 40 40
15 0 40 40 40 40 40 40 40 40 40 40
10 0 36 36 36 36 36 36 36 36 36 36
0 0 2 2 22 2 2 22 2 2 22 2

Table 24 - ANR26650%27-B Max 10s pulse discharge currents wrt temperature and SOC
Temp("OW %SOC®> 0% 10% 20% 30%  40% 50% 60% 70% 80% 90%  100%

85 0 0 0 0 0 0 0 0 0 0 0
65 0 70 70 70 70 70 70 70 70 70 70
30 0 70 70 70 70 70 70 70 70 70 70
25 0 34 64 70 70 70 70 70 70 70 70
15 0 28 52 70 70 70 70 70 70 70 70
10 0 25 46 64 70 70 70 70 70 70 70
0 0 17 31 46 57 64 70 70 70 70 70

CONFIDENTIAL



3.8

3.6

34

Voltage (V)
w
N

w

2.8

2.6

24

ANR26650M1B Charging Voltage, Current, and Temperature Profiles
25°C Ambient Temperature Chamber with Convection
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Charge Current

Table 21 - ANR26650%27-B Max continuous charge currents wrt temperature and SOC

Temp(’C)¥ %SOC>» 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
85 0 0 0 0 0 0 0 0 0 0 0
65 10 10 10 10 10 10 10 10 10 10 0
30 10 10 10 10 10 10 10 10 10 10 0
25 9 9 5 = 3 - - E - B 0
15 5 5 5 5 5 5 5 5 5 5 0
10 3 3 3 3 3 3 3 3 3 3 0
0 1 1 1 1 1 1 1 1 1 1 0
Table 22 — ANR26650%#7-B Max 10s pulse charge currents wrt temperature and SOC
Temp("C)"‘ %S0C> 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

85 0 0 0 0 0 0 0 0 0 0 0

65 25 25 25 25 25 25 25 25 25 25 0

30 25 25 25 25 25 25 25 25 25 25 0

25 25 25 25 25 25 25 19 19 19 19 0

15 19 19 19 19 19 19 10 10 10 10 0

10 13 13 13 13 13 13 8 8 z 5 0

0 8 8 8 8 8 8 5 - > o 0
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Open-circuit voltage as a function of depth of discharge, 23'C
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Rated Capacity
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26650 Discharge DCR (mQ) @ 23°C, -37.5 A Sec
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Power Delivery Capability, DCIR as a function of Cell %SOC and Cell Temp

) 10s Constant Current 10C-rate (25A) Pulse (Vmin=2.0V) -- Lithium Werks 26650P Cell
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Capacity (% of BOL)
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Storing Batteries

Lithium Werks cells can be stored for over 10 years in a cool environment. For long storage periods, a refresh
charge is required every four years at 25 °C. For temperatures above 40 °C a refresh charge is required every year.
Batteries should not be stored continuously above 65 °C.
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ANR26650M1B 120 A, 10 s Pulse Discharge Voltage Profile
25°C Ambient Temperature. Pulse starting at 95% SOC
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Yuliya Preger (2020): Journal of the Electrochemical Society
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Cell-level — Layers of Control Limits
for Practical Application

Crutrol Purpose/Zptimization

Cell Control .
Characteristic Parameter Safety Performance Life
Performance
Trmax 80°C 65°C 45°C
Temperature TrminDiscH -30°C -30°C -30°C
TmincHrG -10°C 0°C 0°C
Vmaxcont 3.9v 3.65V 3.6V
Vmincont 1.0V 2.0V 2.0V
Voltage
VmaxPULSE 4.0V 3-8V 3-65V
VminPULSE 1.0v 1.6V 1.6V
| maxCONT (Disch) 20 C-rate 10 C-rate 4 C-rate
| maxPULSE (Disch) 48 C-rate 20 C-rate 10 C-rate
Current
I maxcoNT (Chrg) 6 C-rate 4 C-rate 2 C-rate
I maxPULSE (Chrg) 20 C-rate 8 C-rate 4 C-rate
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D DEKRA

-9- 2230502.00-FAC 18-021
gas emission during venting of LFP cells
pincrease s
‘sample dueto T released concentration in | gas released
number code T at start|T start venting| T at sampling| increase |p increase| amount gas gas reactor from cell
() Q) (W) (bar) (bar) (0] (mol%) 0]
738253 | AG36046, green 21 140-180 29 0,028 0,11 11 hydrogen H, 0912 0,137
carbon dioxide CO, 1,089 0,164
carbon monoxide  CO 0,244 0,037
methane CH, 0,051 0,008
ethane CoHe 0,018 0,003
ethylene [N 0,200 0,030
propane CiHs 0,002 0,000
propylene C3H, 0,009 0,001
oxygen 0, 285
nitrogen N, 94,50
sum 99,88
738254 | AH32117, green 21 140-180 29 0,028 0,10 1,0 hydrogen Hy 1,003 0,150
carbon dioxide CO, 1,574 0,235
carbon monoxide co 0,239 0,036
methane CH, 0,053 0,008
ethane CzHe 0,018 0,003
ethylene CHe 0,225 0,034
propane CaHe 0,003 0,000
propylene CaH- 0,010 0,001
oxygen 0, 224
nitrogen N, 9454
sum 99,91
73825-5 | AH34546, green 21 140-180 29 0,028 0,10 10 hydrogen Hy 0,986 0,147
carbon dioxide CO, 2214 0,330
carbon monoxide co 0,252 0,038
methane CH, 0,053 0,008
ethane CaHe 0,019 0,003
ethylene CH. 0,241 0,036
propane CaHg 0,003 0,000
propylene CaH; 0,011 0,002
oxygen 0, 811
nitrogen N, 87,81
sum 99.70

Below, the temperature graphs of the venting process of the three tests are shown:

red line: temperature measured by the thermocouple attached on the cell
green line: temperature measured by the thermocouple in reactor above the cell
black line: temperature measured by the thermocouple put on outside wall of

reactor

blue line: analogue voltage signal of the absolute pressure gauge.
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