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Abstract: To meet the complementary application needs of nickel-cobalt—-manganese (Li(Ni ,Co,Mn,)0,, NCM) and
lithium iron phosphate (LiFePO,, LFP) cells, this study addresses the lack of experimental data on thermal runaway
propagation in adjacent arrangements of cells with different cathode materials. Commercial 18650 cylindrical NCM

and LFP cells were assembled into a 1X3 tightly packed, linearly thermally coupled platform. At 100% state of
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charge (SOC), thermal runaway was initiated in the first cell using a constant heating power of 40 W. Temperature
evolution, mass loss, and video recordings were jointly analyzed to compare propagation behaviors under six
configurations. The results show that the homogeneous NCM module underwent successive thermal runaway, with
peak temperatures exceeding 630°C and mass loss greater than 35% for all three cells. In contrast, the homogeneous
LFP module exhibited thermal runaway largely confined to the first cell, with limited temperature rise and mass loss
in neighboring cells. For mixed configurations, when the LFP cell was placed in the middle position, it only heated
up with limited venting, providing an evident thermal insulation effect and suppressing heat transfer to the
downstream NCM cell. When the LFP cell was placed at the end position, it could be triggered into thermal runaway
by the superposed thermal load generated by successive thermal runaway of two upstream NCM cells (T, ~320°C;
mass loss of about 8%), but no further propagation occurred. These findings provide experimental evidence for

layout optimization and passive protection design of modules incorporating mixed cathode materials.
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Table 1 Main parameters of lithium—ion batteries
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Fig. 1 Thermal runaway analysis chamber for lithium—ion

batteries
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Fig.2 Schematic diagram of the lithium—ion battery thermal runaway test platform

r2 XEITR

Table 2 Experimental conditions

o SRS AL IR RN AL
1 N-N-N  N-N-N-1  N-N-N-2  N-N-N-3
2 L-L-L L-L-L-1 L-L-L-2 L-L-L-3
3 N-L-N N-L-N-1 N-L-N-2  N-L-N-3
4 L-N-L L-N-1-1 L-N-L-2 L-N-1-3
5 N-N-L N-N-L-1 N-N-L-2  N-N-L-3
6 L-L-N L-L-N-1 L-L-N-2 L-L-N-3
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Fig. 3 Temperature profiles of thermal runaway propagation for
individual cells within the NCM-NCM-NCM battery pack
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Fig. 4 The propagation process of thermal runaway in lithium—

ion battery packs
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Table 3 Mass comparison of NCM-NCM-NCM lithium—

ion battery pack before and after testing
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Fig. 5 Temperature profiles of thermal runaway propagation for

individual cells within the LFP-LFP-LFP battery pack
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Table 4 Mass comparison of LFP-LFP-LFP lithium—ion
battery pack before and after testing

PRAERT PRI B
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Table 5 Critical thermal runaway parameters of battery packs with identical materials

15 MWARE RN VR T G T, s DR (AT, G S ff@g
1 826 646.0 849 112.1 192
NCM-NCM-NCM 2 1018 638.7 1042 70.0 157
3 1175 638.0 1205 57.1 —
1 1162 331.8 1205 3.6 —
LFP-LFP-LFP 2 — 131.5 1374 0.4 —
3 — 76.7 1696 0.2 —
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Fig. 6 The temperature curves and experimental phenomena of

the N-L-N and N-N-N battery packs during thermal runaway
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Table 6 Mass comparison of NCM~-LFP-NCM lithium-

ion battery pack before and after testing
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Fig. 7 Temperature profiles of thermal runaway propagation for

individual cells within the LFP-NCM~-LFP battery pack
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Table 7 Mass comparison of LFP-NCM-LFP lithium-

ion battery pack before and after testing
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Table 8 Critical thermal runaway parameters of lithium—ion batteries with different electrode materials at the middle

position
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Fig. 8 Thermal runaway temperature curve and experimental
phenomena of NCM—NCM~-LFP battery pack
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Table 9 Mass comparison of NCM-NCM-LFP lithium—-

ion battery pack before and after testing
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Fig. 9 Temperature profiles of thermal runaway propagation for

individual cells within the LFP-LFP-NCM battery pack
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Table 10 Mass comparison of LFP-LFP-NCM lithium-
ion battery pack before and after testing

HLt R 5 o o WA R HRAI%
/g /g
1 40.5 36.5 4.0 9.9
2 40.5 39 1.5 3.7
3 4255 425 0 0

AR SERUESE , LA LFP B AR N il A PR, T
U A AR A, 77 A A BRI AN 2 LA i3 AR AR
LT Y22 4 . 7R RE VIR BB T, 52 P Tt iR
T2k AR AL A AR A A S SR
IS SEIT L P FL £ S o ) 22 v 2= B Rk el —
A P S AR P MR s PRI 5 B i )
NCM HL R B R e e

x11 AEMBHEEFRBERRIERAKEXESY

Table 11 Critical thermal runaway parameters of lithium—ion batteries with different electrode materials at the terminal

position
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