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@ Comparison of various Cathode materials
Objectively compiled from various information
Cemical formula LiMn,0O, LiCoO, LiNipsCop1Mng 0, LiNigsCog,Mng 10, LiFePO4
Acronym LMO LCO NCM(811) NCM(523) LFP
Molecular weight | 180 g1 97.87 97.28 96.55 157.76
(g/mol)
Specific Capacity 148 150 179 168 170
(mAh/g) (to Mn,0,) | (to Liy4sC00;) |(to Lig3sNiggMngs€0040;) | (to Lis4NigsMno3C020;) |  (to FePO,)
Operation Voltage 3.85 3.75 3.65 37 3.2
(V vs Li)
True Density 4.2 5.05 4547 4.0-43 3.6
(g/lcm”)
Cost Index 100 300-400 200-300 220-300 80-120
Safety Level’ (o] A x A (o]
*) Cell safety are not only depended on Cathode material but also Anode,
Electrolyte, Separator and cell design.
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@ Cell Design for basic evaluation
Terminal Tab
—
| |
Anode |
x
x
Separator = ™ Cathode
Pair Cell Single side coted Cathode / Single side coated Anod (or Li metal)
Casing Lamineted film (pouch type)
Active materials LMO, LMO+NCMs523(9/1), LCO, NCMs11, LFP
Cathode Mixing ratio Active martials : Conducter : Binder = 95:3:2(LFP 93:5:2)
Substrate Alminum foil (t 15um)
Size(effective area) 40mm X 50mm t: 41 - 96 pum
Active materials Artificial graphite
Anode Mixing ratio Active martials : Conducter : Binder = 96:2:2
Substrate Cupper foil (t 12um)
Size(effective area) 45mm X 556mm t: 52 - 65 pm
Electrolyte 1M LiPFs EC/EMC(3/7)
Capacity 50mAh(Target / depended on Active materials)
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@ Discharge Characteristics for various Cathodes

Based on Amaz’s Pair-cell Design
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WE : 1.0CA(CC)  3.0°Vcutoff 2) 2.5V for NCM811 and 2.0V for LFP
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@ Cycle Characteristics at 25°C

Including 0.2CA capacity check every 100cycles
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Improvement was confirmed by adding NCM
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@ Cycle Characteristics at 45°C
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@ 0.2CA Capacity Retention every 200cycles at 45°C

Significant Improvement was confirmed by adding NCM
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@ 45°C Storage Characteristics (Voltage & Resistance)

< Storage Condition >

Pattern A : Keep storage without any charge and discharge
Pattern B : Storage while checking capacity every 2 weeks

LMO with
Al,O; coated Anode

OcV| IR |OCV| IR |OCV| R [OCV | IR |OCV | IR |OCV| IR
M@ M @) VM @] M @] MM @] M@

Initial 4167 | 0.556 | 4.163 | 0.676 |4.163 | 0.655 |4.175 | 0.526 |[4.155 |1.334 |3.336 | 0.396

Cathode LMO LMO+NCMsz3 LCO NCM(811) LFP

Strage Period

2W 4024 | 1.230 | 4.021 |1.244 |4.062 | 0.839 |4.068 | 0658 [4.093 |1.672 |3.302 | 0.530

Pattern A | 3.988 | 1.352 |3.982 | 1.694 |4.005 | 1.026 | 4.017 | 0.919 | 4.059 | 1.799 |3.293 | 0.564
4W

Pattern B | 4.014 | 2.964 |4.024 | 1.342 | 4.060 | 1.028 | 4.115 | 1.004 | 4.094 | 3.048 |3.291 | 0.824

Pattern A | 3.946 | 1.352 |3.922 | 1.965 |3.986 | 0.913 |3.981 | 0.814 |4.007 | 1.660 |3.291 | 0.597

6W
Pattern B | 4.011 | 3.117 [ 4.029 | 1.345 | 4.047 | 0.902 | 4.115 | 0.976 | 4.081 | 2.658 | 3.290 | 0.921

Pattern A | 3.895 | 1.545 |3.851 |2.110 |3.961 | 1.173 | 3.952 | 0.975 |3.950 | 2.033 |3.290 | 0.617
8w

Pattern B | 4.009 | 3.789 |4.028 | 1.482 |4.042 | 1133 | 4123 | 1.228 |4.028 | 2.709 |3.289 | 0.915

Pattern A | 3.837 | 1.560 | 3.822 | 2.291 |3.930 | 1.187 |3.924 | 0.985 |3.919 | 2.023 |3.289 | 0.614
10W

Pattern B | 3.995 | 4195 |4.023 | 1.538 |4.039 | 1.114 | 4117 | 1.311 | 3.973 | 2.365 | 3.291 | 0.889
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@ 45°C Storage Characteristics (Capacity)
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,@ Amount of Dissolved Metal ions
After Pattern A Storage
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