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Growing Electrical Vehicle Market
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Global electric-vehicle sales, 2010-17, thousands, CAGR'
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New Materials Required for the Future

To meet future demand and extend EV range, Cathode Capacity (mAh/g)
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Problem With LI Metal Anodes
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1. High Reactivity of Lithium
2. Uncontrolled Formation of Solid Electrolyte Interface (SEl)
3. Infinite Volume Change
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Use ALD and MLD to Passivate Surface
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Symmetrical Cell Testing

Current Density (mA cm2): How quickly Li is transferred from electrode = electrode
| Capacity (mAh cm): How much Li is transferred per charge/discharge cycle




EC:DEC:DMC

Symmetrlcal Cell Testing I LPF.

Current Density (mA cm2): How quickly Li is transferred from electrode = electrode ! (Ca rbo N ate)
Capacity (mAh cm2): How much Li is transferred per charge/discharge cycle

Soft short circuit
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Symmetrical Cell Testing

O

: Current Density (mA cm2): How quickly Li is transferred from electrode - electrode :
! Capacity (mAh cm2): How much Li is transferred per charge/discharge cycle 1
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Understanding the Li Mechanism

Voltage (mV)

Voltage (mV)

500

-250
-500

500
250

-250

-500

/L

r-—=—=======1

Plating in pits of
cathode + stripping
from anode dendrites.

Transition to stripping
from dendritic lithium at
anode to bulk lithium,

Plating on cathode. creation of addition pits.

Bare Li/carbonate/3mA-1mAh 44 | |
B I AL
B W I all
B |

| 1 | 1 | 1 | ) | ) ry's 1 | \ | 1 | ) |

0 1 2 3 4 7401 104 105 106 107 |

Time (h)I I
Yy
[ 50cy TMA-GLY/carbonate/3mA 1mAh 7/ 1 11
[ | 11
| |
|
104 105 106 107 I
-l

Time (h)k= == == o= = = = = = — -

i+ Li
Liti —0

No longer reaction
limited
now
mass transfer limited

Wood, Kevin N., et al. "Dendrites and pits: U
behavior of lithium metal anodes through
microscopy.” ACS central science 2.1

Stripping from anode,
creation of pits

s

Stripping from
dendrites formed
on cathode. Plating
in pits on anode

Transition to stripping
from dendritic lithium
to bulk lithium off
cathode ( formation
of dead Li)

N

Delay and
decrease in
overpotential
due to excess
lithium. Do not
need to
transition from
dendrite to bulk
as quickly.

Transition to
stripping from
dendritic lithium
to bulk lithium
off cathode (
formation of
dead Li)

Stripping from
dendrites formed on
cathode. Plating on

previous dendrites
as well as in pits,
pushing dead lithium

up.



Galvanostatic Intermission Titration Technique

GITT can limit the effects of evolving concentration gradients on cell polarization by depositing small
amounts of Li at near static-equilibrium conditions.

Pulse current of 5mA cm2for Until capacity of 5mAh cm2 is reached
15s, rest 3 min

By using half-cell configuration, where one Li electrode is bare and the other is coated, we can deconvolute
the effects of stripping and plating of coated Li

Plating Characteristics Stripping Characteristics
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Using GITT to Understand Role of ALD:MLD
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Full Cell Battery Data

Conducted full cell battery testing using 50cy TMA-
GLY coated Li anodes with two different cathode
materials:
e Lithium Iron Phosphate (LFP) — Future Li-lon
Battery
e Carbon/Sulfur — Li/S Battery

LFP — Lithium lon Battery
e Considered a more environmentally friendly
material compared to LiCoO,
e Coin cells tested using loading of ~ 10mg
e Carbonate based electrolyte ( 1M LiPF, in EC,
DEC, EMC w FEC)
e Constant current in a voltage range of 2.5-4.2V

Carbon/Sulfur — Lithium-Sulfur Battery
 Much higher energy density compared to
Lithium ion
e Coin cells tested using loading of ~1mg
e Ether Based electrolyte (1M LiTFSI in DOL,
DME w LiNO,)
e Constant current in a voltage range of 1.8-2.8V
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Discharge Capacity (mAh/g)

180

Bare Li

-
0]
o

N
N
o

-
N
o

-
o
o

co
o

[ Cathode:
| Lithium Iron Phosphate

P (@]
o o

N
o

0 L | 1 | L | 1 | L | I | L 1 L | L 1 L | L 1 L

GLY Coated Li 1C Rate|

0 25 50 75 100 125 150 175 200 225 250 275

Cycle Number
1300

300

1200 ——Bare Li

1100

-
o
o
o

900
800
700
600

so0 [ Cathode:
40 - Carbon/Sulfur

300
200
100 |

0 L | 1 | 1 | L 1 L | 1 | 1 | L 1 L |

GLY Coated Li 0.2C Rate_—

0 50 100 150 200 250 300 350 400 450
Cycle Number

T



Final Remarks

First comparison of Li coated with TMA-H,0, TMA-EG and TMA- GLY

Galvanostatic cycling of Li-Li symmetric cells identified that TMA-GLY can improve the
lifetime of Li compared to TMA- H,0 and TMA-EG

GITT is a powerful technique that can be used to eliminate the effects of concentration
gradients that build up within the cell

Stripping and plating is an easier process on Li coated with TMA-GLY compared to TMA-
H,O

Full Cell Data shows the coated Li works well for both LFP and Li-S cathode systems
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