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Thermal runaway characteristics of a 160 Ah NFPP sodium-ion
battery under adiabatic conditions
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(State Key Laboratory of Fire Science, University of Science and Technology of China, Hefei 230026, Anhui,
China)

Abstract: To address the limited understanding of the thermal runaway characteristics and
critical safety conditions of large-format polyanionic sodium-ion batteries, a fully charged 160
Ah Na,Fe,(PO,),(P,O,) (NFPP) sodium-ion battery was investigated using a large-scale
accelerating rate calorimeter. The self-heating and thermal runaway processes were
characterized, and an Arrhenius kinetic model and a Semenov heat-balance model were
employed to analyze the self-heating reactions and the effects of heat-transfer conditions on
the safe storage temperature. The battery exhibited detectable self-heating at 107.14°C and
entered thermal runaway at 180.19°C , with a maximum temperature of 235.12°C and a
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maximum temperature-rise rate of 7.14°C/s. Compared with nickel-cobalt-manganese, lithium
iron phosphate, and layered-oxide sodium-ion batteries reported in the literature, the NFPP
battery exhibited a lower peak temperature, temperature-rise rate, and mass-specific heat
release, indicating a relatively moderate thermal runaway process. The temperature-rise
behavior during the initial self-heating stage followed the Arrhenius relationship. Its relatively
high apparent activation energy indicated that the self-heating reactions of the NFPP system
had to overcome a high effective energy barrier. The Semenov model showed that the SADT
increased with enhanced heat transfer, although the increase gradually diminished. The
predicted value under natural convection conditions was 162.5°C. These results demonstrate
that large-format NFPP sodium-ion batteries exhibit favorable thermal stability and relatively
low heat-release intensity during thermal runaway; nevertheless, sustained heat accumulation
remains possible at elevated temperatures or under insufficient heat dissipation. The findings

provide a basis for temperature control,

heat-dissipation design,

and thermal-safety

assessment during the storage and transportation of such batteries.
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Table 1 Basic parameters of the sodium-ion battery
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Ve H It B A B HRI LS R B fiE(Note: The specific heat capacity of
the battery was provided by the supplier).
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Fig. 2 Temperature, temperature-rise rate, and voltage of the 100% SOC NFPP sodium-ion battery during
adiabatic thermal runaway: (a) characteristic temperatures; (b) stage division
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Table 2 Characteristic parameters and criteria for
thermal runaway of the 160 Ah NFPP sodium-ion

battery
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Table 3 Thermal runaway characteristics and apparent heat release per unit mass of batteries with different

cathode materials

EE“Z[E%ELJ Tonset (DC) TT (DC) Tmax (DC) Rmax (OC/S) QlotaI/m (k‘J/kg) ﬁﬁ*ﬁ
NCM111 88.86 191.23 694.77 199.6 538.36 l
NCM523 100 165 695 44.8 604.95 o
LiFePO, 115 198 466 19.92 374.48 o
Na TMO, 102.17 220.92 407.35 52.2 321.05 #l
Na,Fe,(PO,),(P,0,) 107.14 180.19 235.12 7.14 143.34 A3
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Table 4 Apparent kinetic parameters of lithium-ion
and sodium-ion batteries with different cathode

chemistries
AL TR E, (J/mol) In(A) (s™) R? ﬁﬁ%
NCM111 0.78x10° 11.26 0.944 el
NCM523 1.05x10° 24.31 0.957 el
LiFePO, 1.10x10° 18.30 0.956 el
Na TMO, 1.18x10° 13.31 0.930 ol
Na,Fe,(PO,),(P,0,) 1.44x10° 28.87 0.987 A
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