DESIGN OF NEXT-GENERATION BATTERY PACKS FOR A
SUSTAINABLE FUTURE

&p

Arumugam Manthiram
Venkat Subramanian
Jeffrey Hales
Gyeong Hwang
Kumar Muthuraman

The University of Texas at Austin

Energy Institute

The University of Texas at Austin

Cockrell School of Engineering

LUINIVERSITY OF TEXAS AT AUsSTIMN

1



ROLE OF BATTERIES IN A SUSTAINABLE FUTURE

Electrochemical energy storage is essential for ﬁ
electrified transportation and a clean grid

The graphite anode constrains battery
performance because it is:

- Too thick due to low capacity

- Too unsafe due to dendrite formation

- Too hard to make due expensive processing
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P. Albertus, S. Babinec, S. Litzelman, & A. Newman, Nature Energy 3(1), 16 (2018).
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OUR APPROACH: METAL FOIL ALLOY ANODES

{Newest Work
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» Current alloy anode architectures require dispersion
of small particles in a carbon matrix, resulting in low
tap density, low volumetric energy density, and high
processing cost
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» Our approach of using metal foil alloy anodes could:
* Improve energy density by > 50%
* Reduce cost > 20%
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TECHNICAL APPROACH

Diverse academic perspectives were brought
together to identify and solve the challenges with
alloy foil anodes:

Experimental Design (Manthiram Group)
Modeling (Hwang & Subramanian Groups)
Techno-economic Analysis (Hales & Muthuraman)

Life Cycle Analysis of Foil Anode Materials
(Hales & Manthiram Group)
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EXPERIMENTAL DESIGN OF FOIL ALLOY ANODES

* The relative ease of manufacturing
metal foils translates to the following:

- Foil composition, structure, and
geometry can all be closely
controlled

- Allows for fast screening of
numerous materials, and fine tuning
for beneficial properties
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SCREENING OF ELEMENTAL FOILS AS ALLOY ANODES

» Various elemental metal foils were prepared
and tested in lithium cells

« 8 elements stored sufficient capacity to be
used as bulk active materials

- 4 were good candidates for foil anodes
(Al, In, Sn, Pb)
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Capacity (mAh g™')
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NANOCOMPOSITE FOILS (NCFs)

Composite foil systems containing an inactive metal
matrix prevent pulverization of the active material, which
can stabilize cycling

Tin composite foils were studied extensively
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USING DOPANTS TO IMPROVE ALUMINUM FOIL ANODES
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« Computational modeling
provides insight into
mechanisms underlying the
alterations in performance

UMNIVERSITY OF TEXAS AT AUSTIN 8



LIFE CYCLE ANALYSIS OF FOIL ANODE MATERIALS

To maximize the positive impact, environmental and social
effects must be taken into account during materials design

We have created a robust, holistic, and accessible
framework for researchers to use for assessing the impacts
for any battery material, addressing four issues:

(i) total energy use and emissions

(ii) toxicity

(iii) habitat destruction

(iv) social impact
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TECHNO ECONOMIC ANALYSIS

 Atool for calculating the total cost of the Zn, ,,Sn, 55Bi; o1 (ZTB) anode system
Is developed in Excel with the help of BatPac

Anode Cost Distribution

Material cost .
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Labor cost Labor cost +  Labor cost

Energy cost Energy cost Energy cost

Melting Casting Cold rolling

Fabrication process for foil anode
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MODELING ZTB ALLOY ANODE

NCF Anode Separator NMC Cathode
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IMPACT OF Sb DOPING ON Sn ANODE CYCLING STABILITY

Lithiation behavior of Sb-doped Sn anode (a-Li,Snj¢7Sby ¢3) : o@
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IMPACT OF Sb DOPING ON Sn ANODE CYCLING STABILITY

Predicted Li diffusivity at 300 K (x 107 cm?/s)

x Dy(ecm?/s) E,(eV) D;; (300K)
2 6.13x104 0.22 1.1x107
Pure Sn 3 5.18x104 0.22 1.3x10”7
4  9.43x10% 0.23 1.3x1077
0.5 1.12x1073 0.32 5x107
1 5.52x104 0.28 1.1x108
Snyo,Sbys 2 6.69x104 023  8.6x10F
3 6.59x104 0.21 1.8x1077
4  6.24x10% 0.19 3.3x107
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Coordination Number (CN)
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HOW ABOUT OTHER DOPANTS?
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Si DOPING EFFECT ON Al ANODE PERFORMANCE

amorphous Al (a-Al)

Si-doped a-Al
(a-Aly 97Sig o3)
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SYNERGISTIC EFFECT OF DOPANT AND STRUCTURAL DISORDER

S RORNOUS o _ Crystalline A




SUMMARY

* Replacing the graphite anode in current lithium-ion batteries with low-cost
alloy anodes can make the technology sustainable with higher energy
density and better safety

« A new approach has been developed with simple processing to obtain
nanocomposite foil anodes that overcomes many of the challenges
encountered traditionally with alloy anodes

* The integration of experiments and modeling along with techno-economic
analyses by the team has provided new insights for materials selection and
processing
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