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INTRODUCTION

 Lithium has the most negative electrode potential.
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« Two promising positive electrode active materials (PEAMs) are NMC (L1N1MnCoO 5)

and LMO (LiMn,0,).

« LMO: excellent rate capability (i.e. good acceleration) (Matthieu Dubarry et al,

2011).

« NMC: excellent specific capacity (i.e. good vehicle range) (Jeffrey W. Fergus et al,

2010)
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« In previous research, LMO was found to have superior rate capability than that of
NMC and LFP
e Figure 3.
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« Composite cathodes: LMO + NMC yield performance optimization

« LMO + NMC composite cells obtained double cycle life characteristics at high -
temperature and high discharge rates (T.Nukuda et. al, 2005 )
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INTRODUCTION

« Composite electrodes allow for the combination of several active materials into a
hybrid (Matthieu Dubarry et al, 2011).

« A composite cathode containing LMO and NMC would theoretically be a favorable
compromise.

« Even though LMO and NMC don’t work together in the composite cells, there was

an increase energy density and cell capacity by 13% and 17% respectively (Mo-Hua
Yang et al, .2008).
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RESEARCH QUESTION
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Does a composite cathode composed of LMO and NMC effect
the rate capability and capacity of Lithium-ion cells?

HYPOTHESIS

« H,: NMC + LMO composite cells will have higher rate capability than NMC and
LMO cells

« H,: NMC + LMO composite cells will have higher capacity than NMC and LMO
cells

« H,: NMC + LMO composite cells will ultimately be more effective for EVs and
HEVs due to a beneficial balance between capacity and rate capability.

« H,: NMC + LMO combined cells will not be beneficial as a result of their rate
capability or capacity
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METHODS
Cathode Active Material Weight Conductor Weight Binder Weight (%)
(%) (%)
100% NMC 92 3 5
100% LMO 84 8 8
NMC 25%-LMO 75% 86 6.7 7.3
NMC 50%-LMO 50% 88 5.5 6.5
NMC 75%-LMO 25% 90 4.2 5.1

Table 4. Compositions of cathodes tested



RESULTS/CONCLUSION
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Figure 5 Voltage Profile of 15 half cells. The irreversible
capacities can be calculated by subtracting the charge
capacity from the discharge capacities. The cells are very
consistent because there are no outliers.

--== NMC
---= NMC 50% LMO
50%

~

--- NMC 25% LMO

W\



RESULTS/CONCLUSION

Discharge at 5C

Cathode Retention % |Specific Capacity (mAh/g)

LMO 95.76 96.20
NMC 72.69 112.14
NMC 25% + LMO 75% 88.95 100.53
NMC 50% + LMO 50% 83.03 104.80
NMC 75% + LMO 25% 73.35 103.02

capacity.

Table 5. At 5C NMC offers the highest specific capacity while it retains
the lowest percentage of its specific capacity. However, NMC should be
used in all applications under 5C because it retains the highest
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RESULTS/CONCLUSION

Discharge at 10C
Cathode Retention % |Specific Capacity (mAh/g)
LMO 93.69 94.28
NMC 21.46 33.22
NMC 25% + LMO 75% 83.43 94.42
NMC 50% + LMO 50% 66.22 72.18
NMC 75% + LMO 25% 48.26 68.05

Table 6. At 10C NMC 25% + LMO 75% retain the highest specific
capacity. NMC cannot obtain a high specific capacity due to the
crystal structure of the active material.
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