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Electrochemical materials and its application to energy storage devices, such as batteries and fuel cells are a rapidly growing field, particularly for portable technologies and electric and hybrid
vehicles. This course will deliver an introduction 10 basic electrochemistry, principles of electroc nical devices, electroactive matenals used In such systems, and case studses of rechargeable

batteries. Thecoretical and practical aspects of battery fabrication will be delivered, while placing an emphasis on the integration of electrochemical principles and materials science for

rechargeable battery technalogy. Current trends and directions of the field of battery technology will also be cutlined
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A Sketch of a Rechargeable Battery
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Example Reactions

(<) LiC ~— C+xLi* + xe e=-290V (1)
Li-ion (+) Li_CoO, + xLi* + xe — LiCoO, =120V (2
(0) Li C + Li,_C00, — C + LiCo0, E'=410V ()

F. Cheng, J. Liang, Z. Tao, and J. Chen “Functional Materials for Rechargeable Batteries.” Adv. Mater. 2011, 23, 1695-1715.
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Battery Voltage
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Cell Potential (V)
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Capacity Curve

LiMn,04




Battery Voltage
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Battery Charge
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Battery Capauty

For the Entire Device R, h.
- <€ >

Q. = zFcp(1 — €. —€f)he

Qo = 2Fcp(1 — e, —€r)hg

Units:
mA h/m?

Capacity Ratio

B _ Qe _ (1 — €. —€g)he

Qo (1 —€q —€f)hg
Units:
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Maximum Theoretical Specific Energy

(MTSE)
For an electrode phase
rzF'E
MTSE =
Wi

For an entire battery
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Anode

Potential versus Li/Li* (V)
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J. M. Tarascon and M. Armand. Issues and Challenges Facing Rechargeable Lithium Batteries. Nature, 414:359-367, 2001



- Electrode Materials
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J. M. Tarascon and M. Armand. Issues and Challenges Facing Rechargeable Lithium Batteries. Nature, 414:359-367, 2001
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Power and Power Density

[0 I(t)B(t)dt

P = ==
(tf —to) M,
For a composite battery:
QEideal zdeal
P = = minQe, Qa
Wt(tf—t ) { }Wt(tf—t )
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Energy and Energy Density

[, I(t)E(t)dt
U = i

For a composite battery:

- QEigear . Eidear
U = M, min{ Q., Qq } W
E.—F

— Wt aZFC%ﬂ(l—Gi—Gf)hi



Ragone Plot
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R. Brodd. Broddside. In Drug Discovery Approach to Breakthroughs in Batteries, Massachusetts Institute of Technology, Cambridge, Massachusetts, 2008.
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