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Cooperative Research and Development Final Report

Report Date: December 3, 2025

In accordance with requirements set forth in the terms of the CRADA agreement, this document
is the CRADA final report, including a list of subject inventions, to be forwarded to the DOE
Office of Scientific and Technical Information as part of the commitment to the public to
demonstrate results of federally funded research.

Parties to the Agreement: Seal.ion Energy, Inc.

CRADA Number: CRD-24-29897

CRADA Title: Evaluation of Novel Battery Chemistries for Long Duration Energy Storage
(LDES)

Period of Performance: 5/16/2024 — 11/15/2025

Responsible Technical Contact at NLR:

Max Schulze | Max.Schulze@nrel.gov

Name and Email Address of POC at Company:

Reeja Jayan | Breeja@Seal ionenergy.com

Sponsoring DOE Program Office(s):

U.S. Department of Energy (DOE), Office of Clean Energy Demonstrations (OCED)

Joint Work Statement Funding Table showing DOE commitment:

NLR Shared Resources

Estimated Costs alk/a Government In-Kind

Year 1 $250,000.00

TOTALS $250,000.00

Executive Summary of CRADA Work:

Novel cathode chemistries with proprietary Seal.ion coating for long duration energy storage
(LDES) will be assessed using standardized testing protocols to benchmark cell performance
against existing high performing commercial battery chemistries.
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CRADA benefit to DOE. Participant, and US Taxpaver:

e Adds new capability to the laboratory’s core competencies
¢ Enhances the laboratory’s core competencies

e Uses the laboratory’s core competencies

Summary of Research Results:

This project aims to evaluate the partner’s novel electrode coating technologies, referred to as
Sealion coatings, which are applied to commercial lithium-ion (Li-ion) battery electrodes. The
evaluations focus primarily on how the coatings affect the electrochemical performance of the
electrodes as measured by standardized testing protocols. The results of these efforts outlined in
the Statement of Work are summarized below.

Task 1: CVD Coating of Commercial Electrodes

Participant will engineer the coatings using their patented chemical vapor deposition (CVD)
process onto commercially available lithium-ion battery electrodes (cathodes and anodes).
Coated electrodes with at least 3 parameter variations for each the cathode and anode will be
fabricated by the Participant and sent to the Contractor to be evaluated. The Participant will
make two iterations of these coated electrodes and send them to the Contractor for basic
evaluation. Feedback from the Contractor about the basic electrochemical performance of the 1st
iteration will be used to optimize the CVD parameters used on the 2nd iteration. This iterative
step with performance feedback will improve the likelihood of success in producing in
electrochemical performance. The chemistry of the cathodes will be lithium cobalt oxide (LCO)
or lithium manganese oxide (LMO) and will be paired against graphite anodes when tested in
full cells.

Task 1 Results:

Electrodes supplied by NEI Corporation were chosen to ensure consistent and reproducible
electrochemical performance, while allowing any effects of SealLion’s applied coating to be
reliably elucidated. Figure 1 lists basic specifications for the graphite (Gr) anode and lithium
cobalt oxide (LCO) cathode sourced from NEI corporation. SeaLion’s first iteration of coatings
that utilized catalyst 1 were applied to the LCO cathode but resulted in excessive strain buildup
in the electrodes themselves resulting in curling and delamination of the composite film from the
aluminum foil current collector, as seen in Figure 1 (left photos). Sealion’s second iteration of
coatings that utilized catalyst 2 were applied to the LCO cathode and resulted in intact electrodes
from which 14 mm circular punches were taken for subsequent coin cell testing, as seen in
Figure 1 (right photos). With the successful application of SealLion’s coating utilizing catalyst 2
to LCO cathodes, additional coatings with different coating times of 10, 15, 20, 30, and/or 40
minutes were applied to both the NEI LCO cathodes and graphite anodes for subsequent
electrochemical characterization.
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Fig. 1. Basic electrode specifications of the commercial Li-ion anode and cathode used in this
study. The images on the left show significant stress buildup and delamination of several LCO
cathodes that were coated using the partner’s technology utilizing catalyst 1. The images on the
right show an intact LCO cathode that was coated utilizing catalyst 2.

Task 2: Characterize Coating Morphology and Basic Electrochemistry

The Contractor will characterize the morphology and structure of baseline uncoated electrodes,
and the CVD coated electrodes. Basic electrochemical behaviors of all electrodes will be
collected using Li-ion half cells with standard carbonate-based Li-ion battery electrolyte to
determine voltage profiles, specific/areal capacities, and rate capacities. These basic
electrochemical behaviors will be communicated back to the Participant to optimize CVD
parameters for 2nd iteration of coated electrodes.

Task 2 Results:

The SeaLion coated Gr and LCO electrodes prepared in Task 1 were assembled into half-cell
coin cells for assessment of their basic electrochemical performance in Li-ion batteries. All the
cells were assembled in triplicate for each coating time, including an uncoated electrode for each
the Gr anode and LCO cathode as baseline performance control samples. All the cells used
Celgard 2325 separators and an electrolyte comprising 1.2 M LiPF6 in 3:7 ethylene
carbonate:ethyl methyl carbonate (referred to as Gen 2 electrolyte). The Gr anode half-cells were
cycled between 0.01-1.0V vs. Li/Li+ while the LCO cathodes were cycled between 2.7-4.3V vs.
Li/Li+. Both the Gr anode and LCO cathode half-cells underwent a rate capability test,
comprising 3x cycles at the following C-rates: C/10, C/5, C/2, 1C, 2C, 3C, 4C, C/10.
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The specific capacity vs. cycle number plot for the Gr anode rate test is shown in Figure 2a. The
SeaLion coatings had negligible effect on the Gr capacity delivered at all the rates, regardless of
coating time. Most of the Gr anode capacity is accessible up to a rate of C/2, with a significant
decline in delivered capacity at a 1C rate, suggesting that C/2 should be the fastest rate used for
cycle life testing. The specific capacity vs. cycle number plot for the LCO cathode rate test is
shown in Figure 2b. The Seal.ion coatings applied for 10 and 20 minutes improve the LCO
capacity delivered at the faster rates of 2C, 3C, and 4C.

The LCO cathodes deliver most of their capacity at rates up to 1C, with more significant
reduction in delivered capacity at the faster rates, suggesting that 1C should be the fastest rate
used for cycle life testing. Figure 2¢ and 2d show the voltage profiles vs. areal capacity for the
Gr anodes and LCO cathodes, respectively, at a C/2 rate. The areal capacities delivered at C/2
are approximately 2 mAh/cm2 for the Gr anodes and approximately 1.75 mAh/cm2 for the LCO
cathodes, indicating that the capacity ratios are appropriate for matching the Sealion coated Gr
and LCO together in full-cells for cycle life testing. Because the Seal.ion coatings had negligible
effect of electrochemical performance of the Gr anodes, we chose to only use the uncoated Gr
anode in subsequent full-cells test with LCO cathode with different SeaLion coating times.
Additionally, because only the shortest coating times on the LCO cathodes exhibited capacity
improvements at the faster rates, the partner chose to fabricate a third iteration of SeaLion coated
LCO cathodes with coating times of 10, 15 and 30 minutes to be tested in the full-cells.
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Fig. 2. Basic electrochemistry collected on Gr anodes and LCO cathodes with SealLion’s coatings.

Half-cell rate specific capability capacity vs. cycle number plots for Gr (a) and LCO (b) electrodes

are shown. Voltage vs. area capacity profiles for the C/2 rate cycles are shown for both the Gr (c)
and LCO (d) electrodes.
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Task 3: Long Term Electrochemical Evaluation

Contractor will fabricate appropriately capacity matched full-cells by pairing the best CVD
coated cathodes against the best CVD coated graphite anodes with a standard carbonate-based
Li-ion battery electrolyte. The full-cells will be tested using standard electrochemical cycling and
calendar aging protocols detailed in the USABC battery test manual.

Task 3 Results:

Full-cells of uncoated Gr anodes paired with SealLion coated LCO cathodes with coating times of
10, 15, and 30 minutes were assembled as follows. A 15 mm diameter Gr anode, 19 mm Celgard
2325 separator, and a 14 mm diameter Sealion coated LCO (or uncoated LCO control) were
layered in a 2023 coin cell with 40 pL of Gen2 electrolyte. The full-cells were tested using a
United States Advanced Battery Consortium (USABC) adapted protocol to measure the cycle
lifetime behaviors. The protocol comprises a repeating cycle of reference performance tests
(RPTs) with galvanostatic cycling for 96x cycle in between RPTs. The RPTs include 3x slow
C/10 cycles followed by a hybrid pulsed power characterization (HPPC) cycle, while the
galvanostatic cycling was performed at a faster C/2 rate. The cells were all controlled at 30°C in
environmental chambers and the cell voltages were controlled between 3-4.2V.

Figure 3 shows a full-cell energy density vs. cycle number plot (left) for all of the full-cells
tested. The full-cell energy density is a calculated value from the collected coin cell data that
normalizes the raw energy delivered values to the mass of a full-cell stack that uses these
electrodes but with loading and stack configuration parameter adjusted to more closely reflect
those typically utilized in scaled up commercial cells. The data shows higher energy values
delivered during the slower rate RPT and HPPC cycles, while the faster C/2 cycles exhibit less
energy delivered per cycle. For the cells containing the Seal.ion coated LCO cathodes with the
longer 15- and 30-minute coatings, the energy delivered is lower than the cell with the uncoated
LCO control cathode for both the C/10 RPT and faster C/2 cycles.

For the cell with the 10-minute coated SeaLion LCO cathode, the energy delivered during the
C/10 RPT cycles is comparable to the cell with the uncoated LCO control cathode, while the
faster C/2 cycles deliver more capacity than the cell with the uncoated LCO control cathode.
This indicates that the 10-minute Seal.ion coating on the LCO cathode is imparting some kinetic
advantage to the cycling of the cell, allowing it to deliver more energy per cycle than the
uncoated LCO control cell.

This advantage is highlighted in the right plot of Figure 3, which shows the cumulative sum of
energy delivered over the cell’s cycle lifetime. By the end of the 2000 cycle life test, the 10-
minute Sealion coated LCO cell has delivered approximately 50% more energy than the
uncoated LCO control cell. However, the 15- and 30-minute SealLion coated LCO cells exhibit
less energy delivered than the control, indicating that there is an optimal coating thickness for the
Sealion coating to realize improvements in battery performance.
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Fig. 3. Long term electrochemical performance of Gr-LCO full-cells with SeaLion coatings applied
for different times on the LCO cathodes collected using a USABC adapted testing protocol. The
areal capacity measured was used to estimate scaled up commercial cell energy densities using a
calculated scaling factor and used to plot the projected energy density vs. cycle number (left). The
cumulative sum of the energy delivered per cycle was used to generate the cumulative energy
delivered vs. cycle number plot (right).

Task 4: Additional Analysis and Testing

Contractor will perform other work at the direction of the Participant, consistent with the scope
and subject to the availability of funding. This may include post-mortem analysis of the full cells
used to assess the cathodes to determine mechanistic causes of cell degradation. Additional
iterations of CVD coatings on either cathode or anode could also be tested.

Task 4 Results:

To further validate the imparted advantages of a 10-minute Sealion coating on LCO cathodes,
single layer pouch cells comprising an uncoated Gr anode and the 10-minute SeaLion coated
LCO cathode were fabricated. The single layer pouch cells were tested using the same USABC
adapted protocols as the full coin cells. The electrolyte in the pouch cells was a formulation
optimized for further improved performance, comprising 1 M lithium hexafluorophosphate
(LiPF6) in 1:1:1 ethylene carbonate : dimethyl carbonate : diethyl carbonate + 2% vinylene
carbonate.

The photo on the left of Figure 4 shows one such pouch cell, while the energy vs. cycle number
plot on the right of Figure 4 shows data collected from a triplicate batch of cells. This test is
ongoing but will serve to further validate the performance enhancements observed when the 10-
minute Sealion coating is applied to LCO cathodes.
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Fig. 4. Single layer pouch cell (shown left) with the SeaLion coating applied for an optimal time of
10 minutes on an LCO cathode paired against the Gr anode. The USABC adapted testing protocol
is being used to assess the performance of the pouch cells (right).

Task 5: The Parties will prepare a CRADA Final Report: Preparation and submission in
accordance with the terms of this agreement.

Task 5 Results:

This report serves to meet the requirement for the CRADA Final Report with preparation and
submission in accordance with the agreement’s Article X.

Subject Inventions Listing:

None.
ROI#:

None.
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