RESOLUTION CHALLENGES MEASURING LOCAL THERMAL INHOMOGENEITIES
OF LITHIUM-ION POUCH CELLS

A feasibility study for localizing thermal related aging processes
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Introduction — Pouch cell format

Resolution challenges measuring local thermal inhomogeneities of lithium-ion pouch cells
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. . Liquid electrolyte . .
cylindrical cell prismatic cell
3.8V
1.5 Ah
Al Mesh
b
coin cell pouch cell
Cell can
J.-M. Tarascon & M. Armand (2001): https://doi.org/10.1038/35104644, Figure 4
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https://doi.org/10.1038/35104644

Introduction - Project ‘OrtOptZelle’ &

Resolution challenges measuring local thermal inhomogeneities of lithium-ion pouch cells @/ -
| Batt JNutzung

=~ 0rtOptZelle

B Localization of aging distribution by
measuring temperature, current density and
strain distributions on commercial pouch cells

M Exact investigation of locally distributed aging
processes with further suppression due to
defined compression

B October 2020 - September 2023
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Introduction — Background temperature distribution (1)

Resolution challenges measuring local thermal inhomogeneities of lithium-ion pouch cells

M Temperature distribution due to:

Current density inhomogeneities

Internal resistance inhomogeneities
due to aging

t=667s/end

Goutam et al. (2017):

https://doi.org/10.1016/j.applthermaleng.2017.07.206, Figure 5
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‘ Aging: electrical, chemical and mechanical inhomogeneities
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Lyu et al. (2019):
10.1109/ICIEA.2019.8834119, Figure 7
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Introduction — Background temperature distribution (2)

Resolution challenges measuring local thermal inhomogeneities of lithium-ion pouch cells

® Each layer only in the xy — plane

® Heat conduction abilities differ remarkably:
Ucu > Hat > Hanode ANA Ukqthode

® Huge contact areas in the z — axes

Cathode Separation layer Foil pouch

Influences of electrolyte?

Influences of the pouch bag?

https://www.batterypowertips.com/difference-between-lithium-ion-lithium-polymer-batteries-fag/

‘ Heat transport preferably along the xy — plane?! Cell stack
Effective perpendicular thermal conductivity of the cell stacks: 0,5—-1,35W/mK
Effective parallel thermal conductivity of the cell stacks: 66 — 72 W /mK

D. Oehler et al. (2020): https:/doi.org/10.1002/ente.202000722, figure 3
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State of the Art — non-destructive aging characterization (Gap 1)

Resolution challenges measuring local thermal inhomogeneities of lithium-ion pouch cells

) ——before cycling
NES b
40—t after 16 cycles
""" after 26 cycles
‘0 EIS 9 o0t ~ \ |
. . ‘0“ S Aﬁ:‘. \—/"“\
calorimetry measuring overlapping effects R E of
LN ) *
fttraaa,,, o*
1 20
malnly g|0ba| o| 20 40 60 80
characterisation - Relare
Ecker et al. (2015): https:/doi.org/10.1149/2.0551509]es, Figure A1 (b)
[
| | s . . . .
TA = A = R “ohmic resistance
L T pulse response methods
Millet et al. (2017): 10.1 109/EVER.“20.17.7935957, Figure 5
measuring local effects
on commercial pouch cells
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State of the Art - temperature dependent aging (Gap 2)

Resolution challenges measuring local thermal inhomogeneities of lithium-ion pouch cells

== 5 Cdischarge

B Focusses of research: /
High C-rates

Safety: Goutam et al. (2017):

https://doi.org/10.1016/j.applthermaleng.2017.07.206, Figure 5

thermal runaway

Laser

short circuit -
Glass —,
Thermal management Cu &

Separator

Graphene

Electrolyte

Stainless Li
seel

Zhu et al. (2019): https://doi.org/10.1038/s41467-019-09924-1, figure 1a

mmm) Characterisation and localisation of aging defects in commercial pouch cells
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This research — aimed goals

Resolution challenges measuring local thermal inhomogeneities of lithium-ion pouch cells

B Missing research gap: “Moderate C-rates for characterization,
aging research”

B Goal of research: “Verification and estimation for future
characterization suitability”

1C, CCQV, ...

e

mm) Finding an external, non-destructive method

for the localisation of temperature-related defects

in order to have a lifetime estimation and a quality control
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Results — Pouch material investigations (1)

Resolution challenges measuring local thermal inhomogeneities of lithium-ion pouch cells

Cell stack

m Al layer in pouch bag similar to 05— 1,35 W/mK 1
- 66—72W/m[{ |
e-collector in electrode stack |

D. Oehler et al. (2020): https:/doi.org/10.1002/ente.202000722, figure 3

Hat > Upolymer '

PET 12pum
B Visualising thermal conductivity e
by simplified experiments Adhesive
Orlente?oln:;:m Layer AL 40um
Outer X m0mn—4+7-4——< | | pemmmemmmmmmmmmm—————
Dry Lamination Layer i i
oy A 0 -EEEEEEEEEEEEErTE
. Aluminum(Barrier) Layer CPP 80pm
mmm) Which small defects can be detected? i
S-adhesive(polypropylene) Layer
By Laminate structure

Inner
https://www.targray.com/li-ion-battery/packaging-materials/aluminum-laminate-pouch

Yoo et al. (2019): https://doi.org/10.3390/en12152865, figure 2
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Results — Pouch material investigations (2)

Resolution challenges measuring local thermal inhomogeneities of lithium-ion pouch cells

B Pouch sample ( 8x8 cm?)
® Heat conductive paste (4 W/mm ) as electrolyte
B  Aluminum smiley with defined shape _——
B Thermal imaging camera
B Temperature range between 20-45 °C steered by
Peltier element
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Results — Pouch material investigations (3)

Resolution challenges measuring local thermal inhomogeneities of lithium-ion pouch cells
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Results — Pouch material investigations (4)

Resolution challenges measuring local thermal inhomogeneities of lithium-ion pouch cells

M Variable plate distance dy;
instead of smiley

B Typ K thermal sensor observation of heating process
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Results — Pouch material investigations (5)

d
. . . ien CL s . L5 Pouch
Resolution challenges measuring local thermal inhomogeneities of lithium-ion pouch cells 4 | 4 A

Typ K

sensors

------- » Aluminum

/ﬂ
|~ Plates
/

~* Peltier Element

W First step -
dys = 0.5 cm (diameter of smiley nose)

® Distinguish between plates -
not possible
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Results — Pouch material investigations (6)

Resolution challenges measuring local thermal inhomogeneities of lithium-ion pouch cells

d y
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sensors

~* Peltier Element

M Second step -
d,s = 1.0 cm (twice the diameter of smiley
nose)

S

® Distinguish between plates -
difficult - not enough
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Results — Pouch material investigations (7)

Resolution challenges measuring local thermal inhomogeneities of lithium-ion pouchcels & & =2 - "

===1----==-» Aluminum

sssssss ~
~a Plates

~* Peltier Element

® Final step -
d,s = 2.5 cm (five times larger than the
diameter of smiley nose)

® Distinguish between plates -
yes

M Plates shape visible, not sharp

Blurried picture

d . =2,5¢cm

‘ Relevant distance to distinguish between defects with such temperature gradient
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Results — Cell observation during charging (1)

Resolution challenges measuring local thermal inhomogeneities of lithium-ion pouch cells

Coated cell with black ink for better visualization

Pressure areas were applied on this cell (marked
areas in ¢) )> mechanical defects

B 16 Typ K sensors for evaluation of pictures of the
thermal imaging camera b) B 4

® 1C charging rate; Cell surface area: 0.037 m2

m Cell chemistry: LFP vs. Graphite

Typ K IR-Images

Tnax ~ 24.3 °C

T pax ~ 28 °C
AT ., ~ 0.8°C

AT o ~ 1.2°C
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Results — Cell observation during charging (2)

Resolution challenges measuring local thermal inhomogeneities of lithium-ion pouch cells

B Hot areas close to the cathode tab
— electrical conductivity difference between Cu and Al

(Chen et al. (2017): https:/doi.org/10.1016/j.applthermaleng.2017.03.135)

AT up to 7°C due to surroundings

M Areas of temperature, small gradients
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Results — Cell observation during charging (3)

Resolution challenges measuring local thermal inhomogeneities of lithium-ion pouch cells

B Hot areas close to the cathode tab Missing black spray due to tape

—> electrical conductivity difference
between Cu and Al

(Chen et al. (2017): )

B Higher temperatures in tab region
during current flow

B Lower temperatures in tab region
during relaxation

relaxation
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Conclusion — Thermal characterization of commercial pouch cells

Resolution challenges measuring local thermal inhomogeneities of lithium-ion pouch cells

Distinguish between heat sources targeted on . Pessimistic calculations: 2.5 cm |
pouch material AT = 20°C |

Observation of included mechanical defects on a
1C charged LFP pouch cell

No defects visible

General expected temperature
distribution visible

Finding an external, non-destructive method
% for the localisation of temperature related defects

in order to have a lifetime estimation and a quality control
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Thank You for Your Attention!

Resolution challenges measuring local thermal inhomogeneities of lithium-ion pouch cells

: 40 YEARS
Julian Engeser FRAUNHOFER ISE

www.ise.fraunhofer.de

Julian.Engeser@ise.fraunhofer.de
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