Evolution of the flammability environment surrounding lithium-ion battery failures
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Introduction

Failure of lithium-ion
batteries can result in
venting of gases which pose
a significant flammability risk
[1]. To accurately assess this
risk, 18650 format batteries
will be thermally abused to
cause venting failures, during
which the vented material
Figure 1: Failing 18650 format cell
will be collected using a grab
sampling system. The vented material will be analyzed after
the collection to determine gaseous species present. A
reduced order model will be paired with the experimental
data to analyze the flammability environment around the
cells.

Grab Sampling During Venting Failures

Cells will be heated to failure and the vented gases will be
collected. A machined aluminum block will hold the cell, four
cartridge heaters and two thermocouples (Figure 3). The
mount is designed to allow the battery to vent into the
designed testing enclosure. In the enclosure, pneumatic
actuating ball valves are connected to sample cylinders
(Figure 4). Outside of the enclosure, solenoid valves control
the flow of pressurized air to the pneumatic valves, allowing
the flow to be controlled electronically.
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Reduced Order Modeling of Flammability

A reduced order model is used to evaluate the temporally
evolving flammability environment around the failing
batteries. User-defined variables including: number of cells,
volume of environment, initial temperature and pressure of
the environment, etc. allow mapping of flammability limits
for various scenarios. Variables such as exit area, battery
burst pressure and battery volume are all taken from Mier’s
experimental data [2]. The model is in development to
incorporate the experimental measurements here. Initial
results show an environment transitioning from not
flammable to flammable back to not flammable as the upper
flammability limit is reached (Figure 5).

Chemical Analysis of Electrolytes

Fourier-transform infrared spectroscopy (FTIR) analysis will
be conducted on the battery electrolyte. An infrared
absorption spectrum (Figure 2) is measured for each sample
and used to determine chemical composition. Analysis of
electrolytes before and after thermal abuse will enable
understanding of the chemical reaction process. The baseline
is the electrolyte fluid directly out of the battery to
determine initial composition. FTIR analysis is then compared
to electrolyte fluid taken out of the battery, heated to
temperatures near battery failure, and then cooled back
down; and for electrolytes taken out of a battery that is
heated nearly to failure then cooled back to room
temperature. Ultimately chemical analysis will be conducted
on the vented gases collected with the grab sampling during
thermal failure.

Figure 3: Grab sampling setup with aluminum block

During testing, cartridge heaters will heat the aluminum
block and the battery until the cell fails and vents.
Temperature in the block will be monitored through the
thermocouples. Once the venting process begins, a controller
will open the solenoid valves which will open the pneumatic
valves and allow flow into the sample cylinders. The system
will then close, sealing the samples. National Instruments
Modules paired with a LabVIEW environment will be utilized
to control all electronics in the testing apparatus.

Figure 5: Flammability map for venting of one cell

Future Work

FTIR analysis for thermally abused electrolyte will be
completed. Grab sampling testing will commence soon and
will allow measurement of vented material compositions
after thermal abuse. The measured chemical compositions
and relative ratios will be incorporated into the reduced order
model. Testing will be conducted with the model and
different scenarios to predict flammability hazards.
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Figure 2: Infrared absorption spectrum of baseline electrolyte

Figure 4: Grab sampling test enclosure and sampling hardware
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