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Milestones

Date

Milestones and Go/No-go

Status

June 2017

December 2017
July 2018
December 2017

December 2017

December 2017

December 2018

January 2018

August 2019

March 2020

Milestone: Formulation / application parameters are optimized sufficient to
produce an electrode with an energy density of 2.5-3.0 mAh/cm?

Milestone: Pouch cells > 0.2 Ah are tested
Milestone: Mini-coater is designed, built, and prepared for operation.
Milestone: BatPac model updated and adjusted cost estimate obtained

Go/No-go: Demonstrate ability to produce kg quantities of the active material.

Go/No-go: Electrodes will either have reached a loading density of 2.0 mAh/cm?
or a clear path to achieve metric that will be identified.

Milestone: Electrodes are produced on the mini-coater that can be used for cell
deliverables.

Milestone: 12 baseline and 12 electrocoated cathodes will be evaluated in
double layer pouch cells

Milestone: 35 electrocoat and 12 baseline prismatic cells >1 Ah will be
assembled and tested.18 optimized cells will be delivered to DOE for evaluation

Milestone: Root cause failure mechanisms identified

Complete

Complete
Complete
Complete

Complete

Complete

Complete

Complete

Complete

Complete




Approach: Electrodeposition to Overcome Current Process Barriers

Current: Slot-Die Coating
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Approach: Timeline

Pilot system construction Cell production / testing

Formulation and
application development

Year 1 Year 2 Year 3

Formulation Development
* Design, synthesize and screen electrocoat chemistries to accomplish:
« Stable electrocoat bath with suitable cathode compositions.
« Composition coalesces into a cathode coating on the current collector.
* Bench-top, batch scale electrocoat process optimization
» Robust cathode coating for out-of-cell manipulation.
« Qutstanding performance when operated as a cathode.

Pilot System Design and Production
* Design, build and install a pilot scale roll-to-roll electrocoat system.

« Develop water-based continuous roll-to-roll electrocoat process to demonstrate production of rapid, double-sided coating of uniform
cathodes with high areal capacities.

« Cost analysis of electrocoat manufacturing based on pilot operation data.
Cell Production / Testing
* Manufacture large format pouch cells using electrodes coated on the pilot scale coater GB




Accomplishment: Cost Model Suggests Electrodeposition Offers Decreased

Capital Cost and Operating Costs

Capital Costs
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slot-die electrocoat

60% decrease in capital costs

Removal of NMP recovery system ($5MM)*
30% decrease in coating system

Wood, D. L. Drying Technology, 2018, 36(2), 234-244.

$ per ft2 of coated electrode

0.140

0.120 -

0.100 +

0.080 -

0.060 -

0.040 -

0.020 -

0.000 -

Operating Costs

m Coating Electrode Energy
Coating Electrode Labor
Coating Electrode Depreciation

®m Drying Electrode Energy
Drying Electrode Labor
Drying Electrode Depreciation

= NMP Recovery Costs

——— ]

slot-die electrocoat

55% decrease in operating costs
» Operating costs savings of $2.36MM/GWh




Accomplishment: Advancing Electrodeposition from the Benchtop to a
Continuous Roll-to-Roll Pilot Scale Coating System

Benchtop

3cm

<4 5 cm —

Challenges

E——

Pilot Coater Design
Pilot Coater Reformulation
Electrode Coating Quality

Cell Performance

Pilot System




Accomplishment: Root-Cause Analysis of Coating Weight Reduction During

Semi-Continuous Operation (300ft)

Coating Weight Per Side (mgecm?)
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Accomplishment: Cathode Electrode Region Analysis During Extended Operation
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While the film build rate within the mini-coater decreased over time, ICP-OES analysis of the
digested coating reveals similar active coating/bath ratio across all electrodes.

Increasing the active coating/bath ratio with Conditions 2 results in improved cell performance.
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Accomplishment: Electrochemical Performance of Extended Coating Regions
and Top-Middle-Bottom

Determined via ICP-OES
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Accomplishment: Timeline for Large-Format Cell Fabrication and Testing

May 2019

to Navitas for
prismatic build

* Electrodes delivered

October 2019
« Test plan
developed
Cells delivered
to INL

Feb 2019

Electrode Production
(300 ft run)

July 2019

Baseline cathodes

produced

Cells fabricated and

formed

January 2020
RPTO and RPT1
complete




Accomplishment: Electrocoat-based and Baseline Cell Build

30

- - N N
o (3] [=] [}

Coating Weight Per Side (mgecm2)
W

Last Coatings (low C)

v

Single cell- poor build
(multiple electrode groups) >

First Coatings (high coating weight) ——

100 150

200

Distance From First Coating (ft)

300

mAh/cm® | mg/cm? c;g;ociis RPTO Ah

1.55 9.81 7 0.76
1.71 10.82 7 0.84
1.91 12.09 6 0.87
2.03 12.85 6 0.93
2.31 14.62 5 -

2.99 18.92 4 0.97
2.21 13.99 6 1.10




Accomplishment: Large Format Cell Performance: Gravimetric

Discharge Capacity

Gravimetric Discharge Capactiy / mAh/g
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Accomplishment: Specific Energy and Resistance by Cell and

Cathode Coating Group
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Collaboration

o Argonne national labs has extensive expertise in active material synthesis and characterization. This
Argon ne expertise was used to prepare initial cathode active materials suitable for electrocoat. Both particle size and
NATIONAL LAEORATORY o o B
particle-coating technologies were explored.

O AK Oak Ridge National Lab has extensive expertise in waterborne cathode coating technology. This expertise
RID GE was used to address challenges specific to cathodes produced by waterborne electrocoat systems. Unique
drying conditions for waterborne cathodes were identified.

National Laboratory

Navitas brings commercial insight with extensive experience implementing novel battery technologies and

QjAVlTAS expertise in cell design. This expertise was used to produce and test cells from cathodes made by
sYsTEMS  electrocoat, and make substantive comparisons against state-of-the-art cathode technologies.

9

NNL

Idaho National Laboratory

Idaho National Lab has expertise in cell validation for electric and hybrid vehicle applications. This expertise
was used to benchmark electrocoat produced cathodes against a baseline PVDF/NMP cathode electrode
control within large format pouch cells.

PPG



2019 AMR Reviewer Comments

Question 1- Reviewer 1 indicated that this project needs more support on modeling to
show the economics of it. Response: An internal cost analysis was performed,
suggesting a 60% reduction in capital costs and a 55% reduction in operating costs for
electrogoat technology relative to a conventional slot-die production of cathode
electrodes.

Question 2- Reviewer 5 noted the poor electrochemical performance of electrocoat
produced cathodes relative to baseline electrodes. Response: Optimization of bath
formulation and coating conditions (Coating Conditions 2) results in a significant increase
in electrode performance.

Question 3- All reviewers offered positive comments about collaboration and
coordination across project teams.

Question 4- Reviewer 2 stated that effort is needed to evaluate electrode quality
comparing it to baseline electrodes. Response: A detailed investigation within 1 Ah pouch
cells was employed comparing electrocoat produced cathode electrodes to slot-die
produced cathode electrodes from a solventborne slurry (baseline).

Question 5- All reviewers offered positive comments about project relevance to overall
DOE objectives.

Question 6- All reviewers commented that the resources are sufficient for project
completion.
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Remaining Challenges and Barriers

Proposed Future Research

Any proposed future work is subject to change based on funding levels

PPG
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Summary

 The viability of electrocoat to fabricate battery
electrodes at commercially relevant formulations has
been demonstrated using both bench-scale equipment
and a small pilot-scale roll-to-roll system (mini-coater).

« Electrodeposited lithium-ion battery electrode coating
system and manufacturing process Is capable of
reducing cell costs (>60% decrease in capital costs
and >50% reduction in operating costs).

» Electrocoat technology has the ability to produce high
guality electrodes that deliver a C/3 specific capacity
within 2.2% of slot-die produced cathode electrodes
from a solventborne slurry.
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