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2 I OVERVIEW of Thermal Runaway Modeling
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\ ~10-200 Ah
\\
*  Outdated with respect to current battery materials 5] EvBattery Pack 100s-
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. Transition from empirical approaches to materials-centric approaches

*  Gain ability to forecast safety characteristics in the early stages of materials selection
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Thermal Runaway Modeling OBJECTIVES

Predict thermal runaway behavior in large systems (multi-cell)

* Discussed by John Hewson and Andrew Kurzawski in the Safety Session

*  “Predicting and mitigating cascading failure in stacks of lithium-ion cells”

Develop improved heat-source models for thermal runaway

* Include proper dependence on material properties, temperature, state of charge

*  Extend to additional electrode materials of commercial interest
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Promote effective methods and collaboration in thermal runaway studies

* Publish perspectives and new models

*  Set up thermal runaway collaboration workshops (task for full project team)
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PROJECT METRICS AND MILESTONES

Milestone Milestone # Current Status
Link safety modeling to materials science 1,2,3 © Published 2 articles on anode decomposition models
Develop new models for decomposition 1,2 o Published a perspective article that promotes better

of battery materials o _ _
utilization of calorimetry measurements for modehng

o Initiated battery workshop to promote coordination

Continue to evaluate recent models

from the most widely used class of cathode materials

1,2 © Developed method to calculate total heat release I
° Identified data appropriate for calibrating decomposition |

rates from LCO, NMC, and NCA (follow-up papers)




6 I Thermal Runaway Modeling CHALLENGES and OPPORTUNITIES

Calorimetry studies often report insufficient information for model development
*  Material properties like surface area not reported
*  Single scan rates for DSC do not permit derivation of activation energies
*  Sample mass and state of charge not reported on consistent basis

*  Species measurements often sparse or absent altogether

Opportunities include wotk, creativity, and outreach
*  Identify data appropriate for model development through careful searching (work)
*  Novel perspectives or comparisons may compensate for apparent deficiencies in data (creativity)

¢ Share perspective on better ways to conduct and communicate research (outreach)
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PROJECT RESULTS

Published invited perspective article in the Journal of the Electrochemical Society

*  Identified methods for measurements, analysis, and reporting that:
*  Allow quantitative comparisons between diverse calorimetry measurements
*  Facilitate development of thermal runaway models

*  Promote mechanistic understanding of thermal runaway

Enhanced Flow of Data and Insights > Enhanced Development of New Insights

Experimental ” Experimental
Group #1 Group #2

\ /

Modeling
Group

*  Perspective article highlighted in ECS News on July 16, 2019

*  Title: “From Calorimetry Measurements to Furthering Mechanistic Understanding and Control of Thermal Abuse

in Lithium-Ion Cells”

. Reference: R. C. Shurtz, Y. Preger, L. Torres-Castro, J. Lamb, J. C. Hewson and S. Ferreira, |. Electrochem. Soc., 166,

A2498 (2019). DOI 10.1149/2.0341912jes



s | PROJECT RESULTS

Initiated lithium-ion battery calorimetry workshop series to promote progress and collaboration

. Follows pattern of a successful workshop series for combustion measurements and model development

*  Participants at initial kickoff meeting included 6 Sandians (safety team) and 9 additional researchers
. Adjacent to the 235% ECS meeting in Dallas, Texas (May 2019)

Used content from perspective article to highlight the benefits of improved communication and coordination

. 8 groups from outside Sandia shared feedback about directions to take the workshop series and how to collaborate

Schedule planning meeting for May 2020 (ECS (@ Montreal), first full-scale workshop for June 2021 (ECS @ Chicago)

Enhance Flow of Data and Insights

Experimental ” Experimental
Binghamton University Group #1 Group #2

Argonne National Laboratory Dalhousie University

Brookhaven National Laboratory

Purdue University University of Maryland

Jet Propulsion Laboratory Naval Research Laboratory

Modeling
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University of Texas - Arlington
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PROJECT RESULTS

Developed new model for heat generation from lithiated graphite anodes in electrolyte
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Improves predictions of maximum cell temperatures and cascading failure rates

*  Total heat release from reaction thermodynamics rather than empirical

*  Includes large exotherm occurring after onset of thermal runaway in full cells

*  Accounts for effects of graphite surface area and limited electrolyte on heat generation rates

*  Successfully predicts a wide variety of published calorimetry measurements

Published in the Journal of the Electrochemical Society as two open-access papers
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10 I PROJECT RESULTS Decomposition paths |
- o for de-lithiated Li,MO,
Layered Metal Oxide Decomposition in Flectrolyte
*  Compiled a database of 36 enthalpies of formation ‘
for cathode materials from over 42 literature sources T
MU,
*  Up-front predictions of heat release for a whole class
of L1 MO, cathode materials with electrolytes 0, €4 |iMO, + O, :
. . . R5 LiM,0,
*  Real or proposed compositions predicted rapidly
R3
*  Manuscript of journal article nearing completion |
R1
*  Web-based calculator to be developed
M,O, LiMO, + O, R4 0, I
a Ré A Mo ‘

M = Ni, Co, Mn, Al as well as mixtures (NMC, NCA, etc.)
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Li CoO, (LCO) measurements consistent with
thermodynamic predictions

15t such comprehensive comparison on any
Li MO, materials

* 60 total calorimetry measurements compiled

from 24 articles for LCO, NMC, and NCA

and processing for comparisons

* Clearly demonstrates and explains variability
observed with state of charge (SOC)

K * SOC Proportional to 1-x

* EHach data point shown required careful evaluation
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13 I Comparison to Li MO, Cathode Calorimetry with Electrolyte

R 0 T——
also consistent with predictions >  -300 +  LiM,0,+MO, o, CiAa B EIMEL,
- /
T 600 & o Co
(®) /
L °/ / . ® r
/7
o -900 + f/o - -
3 LiM,0, + M;0, ~ ' Li,CO; + M
~  -1200 s .
g 8
- .

< -1500 - =
—
b0
S -1800 -

-2100 | : | : | | | | |

o 01 02 03 04 05 06 07 08 09 1
X
—R2 —R1 —R1+R8 — R5 - -R9

O Small Step © Large Step [ Total B Roder Total




14 I Comparison to Li MO, Cathode Calorimetry with Electrolyte
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60 Calorimetry Measurements from 24 Articles
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16 | LOOKING FORWARD

Lithium-Ion Battery Calorimetry Workshops (with full safety team) ‘

° Set up website for sharing and modeling thermal runaway data
° Schedule first workshop, continue recruiting participants |

Cathode Decomposition Modeling

° Publish Li MO, thermodynamics paper

° Set up web-based calculator to estimate total heat release for arbitrary i MO, cathodes

Integrate New Heat Source Models into Cascading Failure Simulations

° Develop and publish new models for thermal runaway in I.i MO, cathodes I
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