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One of the most urgent tasks for the extensive introduction of stationary storage
technologies and electric mobility is to provide safe and reliable lithium-ion cells.
Insufficient heat transfer to the environment during charging and discharging can lead to
a loss of battery power but also to uncontrolled reactions (thermal runaway) and ignition
y to cause an explosion. In this study, commercial cylindrical lithium ion cells were tested
(courtesy under isoperibolic and adiabatic conditions in an accelerating rate calorimeter (ES-ARC)
IMUTALSETER  to investigate their performance and thermal behavior. By measuring the overall heat - by SR NE
Laptop: internal short ~ capacity of the cell and the calorimeter constant heat data were determined, which can Boeing Dreamliner: wrong

\ circuit be used as input for thermal modeling and for a thermal management system. materials choice J
4 Heat generation rate N\ ( Accelerating Rate Calorimeter (ARC) \ [ Cell specifications )
Manufacturer:  A123 Hitachi Maxell
. aU cell
Q=] (U o~y )— IT —2oF Cell type: APR18650M1  INR18650PB2

Top sensor
Bomb sensor

oT

Irreversible heat generation: ~ Reversible entropic heat
Ohmic losses and reaction generation

Cathode material: LiFePO, (LFP) LiMn,0, (LMO)

resistances o :gj:osmensse?lrsor Nominal capacity: 1100 mAh 1400 mAh
°  Heat generation rate Entropic coefficient Nominal voltage: 3.3V 3.7V
(evolved or absorbed) cell
Q aUOCF‘ N
| Current ot Voltage window: 3.6Vto2V 42Vto25V
ye!  Cell equilibrium or open circuit ancgl Core cell weight: 39g 41g
O potential Uger
\_ U™ cell operating potential are SOC dependentl GS-ARC, Thermal Hazard Technolgy J L ..1. o _)
Real conditions (battery pack) Ideal conditions (single cell)
\
( Adiabatic cycllng of cyllndrlcal cells 05C rate AY 4 Isoperlbollc cycling of cyllndrlcal ceIIs 1Crate, 30 °C
2T APRISESOML 1 % INR18650PB2. ] 2F U APR1865OML 1 2E T UINR18650PB2 1
£ 1 ] < it ] < 1f ] T 1} ]
Fop T T —1 0,\|_,_|\|_,_|‘\u_< g O,N_“J\_U_T\_Ui £ of
5 af ] 3 -1} 1 3 af ] 3 1f ]
2F 3 2 E, n n n n n n n g 2t ] 2F ]
sk ; a2 ae b . . . . . = aob . . . . . .
4.0 4.0
34F E _ 34F E _
S 30k E % 58 2 32F E =38
&30 3 S 34 2 30F 3 © 34
£ 28f 3 £ 32 £ 28} E £ 32
S 26F E B S 26F 3 339
24 E 256 241 E 26
22EF 3 2.4k L L L L L L L 22F, N N N . . 3 24, L L L L L L
Em' E o F 1 O aaf ] O aal b
g o0f 1 g% 1 ki k
ESO» 1 gsg» 1 %32» 1 ?32» ]
2 a0k k| g 40t k| 2 2
o 200 400 600 soo 1000 1200 0 200 400 600 800 10001200 1400 1600 6 260 460 660 860 1600 1500 6 260 460 660 860 1600 1200
\_ Time [min] Time [min] J \_ Time [min] Time [min] )
( Cp measurements \/ cCalorimeter constant determination '\ s Heat d|55|pat|on
. dummy cell: cylinder of AIMgSi0.5 EN AW-6060 F22 with z zzz APRIS650ML c
t: cell APR18650M1 7 same‘dlmens‘lons as‘18650 T:ells ‘ ‘ ‘ % " 30 °C _—
- heater | 704 |—T,, 1 5 100 0.95C 0.5C
- \U=33V ,«" | -7 5 1004 025¢
e O 60 1 G 50
1‘: al foil g o 60 é o
fun 2 50 3 § 0 20 b edo " sbo 1000
- = 2 i I
- IU I dt E 1 =
B [Ch mAT / 2 40+ 0 ( Conclusions/Outlook A
:: EHEEE % 1 « Significant temperature rise even for low charge/
o F 30 2 discharge rates especially for adiabatic conditions
. = ! 20 ) 1000 _. %OQOPS ] 300? 4000 | « Heat data were determined, which can be used as
T T B " i i " i " T input data for thermal modeling
E— l 0 100 200_“ ri(;o[mii(io 500 600 « Next steps: - Assignment of heat effects to electro-
» = 1.03468 — 0.00718372 + 0.00013056 - T2 (0.04 2 0.001) WIK . AT ;‘;;r;‘r';igﬁrgffes\fg;;?g Components
R apre =(0.04 £ 0. d= Oare ) )
\ 58 at30°C ¢,=0.94]/gK J\L ARC ) \ sible heat effects y
Contact: Dr. Carlos Ziebert, Phone: +49 721 608-22919; E-Mail: carlos.ziebert@kit.edu We gratefully acknowledge the financial support by the priority programme SPP 1473 WeNDeLIB of the
) ) German Science Foundation (DFG) and by the Portfolio Initiative of the Helmholtz Association
KIT — University of the State of Baden-Wuerttemberg and osse

National Research Center of the Helmholtz Association e £ccicno: S
ational Research Center of the Helmholtz Associatio WenDel s Elktrochamischo Spelherm st

S r e 4 s 5 e Zuverlsssigkeit und Integration



