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Introduction – Pouch cell format
Resolution challenges measuring local thermal inhomogeneities of lithium-ion pouch cells

J.-M. Tarascon & M. Armand (2001): https://doi.org/10.1038/35104644, Figure 4

cylindrical cell

coin cell

prismatic cell

pouch cell

https://doi.org/10.1038/35104644
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Introduction – Project ‘OrtOptZelle‘
Resolution challenges measuring local thermal inhomogeneities of lithium-ion pouch cells

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

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

◼ October 2020 – September 2023

I want to thank:
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Introduction – Background temperature distribution (1)
Resolution challenges measuring local thermal inhomogeneities of lithium-ion pouch cells

◼ Temperature distribution due to:

◼ Current density inhomogeneities

◼ Internal resistance inhomogeneities
due to aging

Aging: electrical, chemical and mechanical inhomogeneities

Goutam et al. (2017):

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

Lyu et al. (2019):

10.1109/ICIEA.2019.8834119, Figure 7

https://doi.org/10.1016/j.applthermaleng.2017.07.206
https://doi.org/10.1109/ICIEA.2019.8834119
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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:
𝜇𝐶𝑢 > 𝜇𝐴𝑙 ≫ 𝜇𝐴𝑛𝑜𝑑𝑒 and 𝜇𝐾𝑎𝑡ℎ𝑜𝑑𝑒

◼ Huge contact areas in the z – axes

◼ Influences of electrolyte?

◼ Influences of the pouch bag?

xy

z

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

Heat transport preferably along the xy – plane?!

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

Effective perpendicular thermal conductivity of the cell stacks: 𝟎, 𝟓 − 𝟏, 𝟑𝟓 Τ𝑾 𝒎𝑲
Effective parallel thermal conductivity of the cell stacks: 𝟔𝟔 − 𝟕𝟐 Τ𝑾 𝒎𝑲

https://www.batterypowertips.com/difference-between-lithium-ion-lithium-polymer-batteries-faq/
https://doi.org/10.1002/ente.202000722
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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

mainly global
characterisation

EIS

ohmic res istance
pulse response methods

Millet et al. (2017): 10.1109/EVER.2017.7935957, Figure 5

Ecker et al. (2015): https://doi.org/10.1149/2.0551509jes, Figure A1 (b)

calorimetry

measuring local effects
on commercial pouch cells

measuring overlapping effects

https://doi.org/10.1109/EVER.2017.7935957
https://doi.org/10.1149/2.0551509jes
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Goutam et al. (2017):

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

State of the Art – temperature dependent aging (Gap 2)
Resolution challenges measuring local thermal inhomogeneities of lithium-ion pouch cells

◼ Focusses of research:

◼ High C-rates

◼ Safety:

◼ thermal runaway 

◼ short circuit

◼ Thermal management

5 C discharge

Characterisation and localisation of aging defects in commercial pouch cells

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

https://doi.org/10.1016/j.applthermaleng.2017.07.206
https://doi.org/10.1038/s41467-019-09924-1
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This research – aimed goals 
Resolution challenges measuring local thermal inhomogeneities of lithium-ion pouch cells

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

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

Finding an external, non-destructive method

for the localisation of temperature-related defects

in order to have a lifetime estimation and a quality control

1C, CCCV, …
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Results – Pouch material investigations (1)
Resolution challenges measuring local thermal inhomogeneities of lithium-ion pouch cells

◼ Al layer in pouch bag similar to
e-collector in electrode stack

𝜇𝐴𝑙 ≫ 𝜇𝑝𝑜𝑙𝑦𝑚𝑒𝑟

◼ Visualising thermal conductivity
by simplified experiments

Yoo et al. (2019): https://doi.org/10.3390/en12152865, figure 2

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

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

Which small defects can be detected?

https://doi.org/10.3390/en12152865
https://www.targray.com/li-ion-battery/packaging-materials/aluminum-laminate-pouch
https://doi.org/10.1002/ente.202000722
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Results – Pouch material investigations (2)
Resolution challenges measuring local thermal inhomogeneities of lithium-ion pouch cells

◼ Pouch sample ( 8x8 cm2 )

◼ Heat conductive paste ( 4 W/mm ) as electrolyte

◼ Aluminum smiley with defined shape

◼ Thermal imaging camera

◼ 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

Cooling DownHeating Up
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Results – Pouch material investigations (4)
Resolution challenges measuring local thermal inhomogeneities of lithium-ion pouch cells

◼ Variable plate distance 𝑑𝐻𝑆
instead of smiley

◼ Typ K thermal sensor observation of heating process
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Results – Pouch material investigations (5)
Resolution challenges measuring local thermal inhomogeneities of lithium-ion pouch cells

◼ First step –
dHS = 0.5 cm (diameter of smiley nose)

◼ Distinguish between plates –
not possible

dHS = 0.5 cm

Typ K 
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Results – Pouch material investigations (6)
Resolution challenges measuring local thermal inhomogeneities of lithium-ion pouch cells

◼ Second step –
dHS = 1.0 cm (twice the diameter of smiley
nose)

◼ Distinguish between plates –
difficult – not enough

dHS = 1.0 cm

Typ K 
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Results – Pouch material investigations (7)
Resolution challenges measuring local thermal inhomogeneities of lithium-ion pouch cells

◼ Final step –
dHS = 2.5 cm (five times larger than the
diameter of smiley nose)

◼ Distinguish between plates –
yes

◼ Plates shape visible, not sharp

◼ Blurried picture

Typ K 

Relevant distance to distinguish between defects with such temperature gradient
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Typ K 

Results – Cell observation during charging (1)
Resolution challenges measuring local thermal inhomogeneities of lithium-ion pouch cells

a)

b)
c)

◼ Coated cell with black ink for better visualization

◼ Pressure areas were applied on this cell (marked
areas in c) )→ mechanical defects

◼ 16 Typ K sensors for evaluation of pictures of the
thermal imaging camera

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

◼ Cell chemistry: LFP vs. Graphite
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Results – Cell observation during charging (2)
Resolution challenges measuring local thermal inhomogeneities of lithium-ion pouch cells

◼ 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)

◼ ΔT up to 7°C due to surroundings

◼ Areas of temperature, small gradients

Smaller temperature difference in picture frame – Close-Up without Typ K sensors!

https://doi.org/10.1016/j.applthermaleng.2017.03.135
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Results – Cell observation during charging (3)
Resolution challenges measuring local thermal inhomogeneities of lithium-ion pouch cells

◼ 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)

◼ Higher temperatures in tab region 
during current flow

◼ Lower temperatures in tab region 
during relaxation

Missing black spray due to tape

SOC = 0%

SOC = 50%

SOC = 100%

relaxation

Smooth differences,
temperature areas –
no hot spots visible

https://doi.org/10.1016/j.applthermaleng.2017.03.135
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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 
pouch material

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

Pessimistic calculations: 2.5 cm

ΔT = 20°C

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

Julian Engeser

www.ise.fraunhofer.de

Julian.Engeser@ise.fraunhofer.de

http://www.ise.fraunhofer.de/

