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Abstract: Currently, cathode material systems for commercial large-capacity sodium-ion
batteries (NIBs) are mainly divided into two categories: layered oxides and polyanion-type
materials. While most thermal runaway safety studies have focused on layered oxide
systems, investigations into the thermal safety characteristics of polyanion-type NIBs remain
limited. This study investigates the thermal runaway and gas release characteristics of a 160
Ah large-capacity polyanion-type NIB under adiabatic conditions, external heating, and 0.5 C
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overcharge abuse conditions, using an adiabatic accelerated calorimeter and a 320 L sealed
pressure vessel experimental system. The results indicate that, under adiabatic conditions,
the battery self-heating onset temperature (T,..), thermal runaway trigger temperature (T,),
and maximum temperature (T,,) are 100.94°C, 180.51°C, and 247.02°C, respectively. The
maximum thermal runaway temperature of the polyanion-type NIB is significantly lower than
that of comparable lithium iron phosphate batteries. Following thermal runaway triggered by
external heating, the total gas release is 93.1 L, primarily composed of CO, (37.97%), H,
(31.25%), CO (11.41%), and C.,H, (9.38%), with a battery mass-loss rate of 20.12%. Under
overcharge conditions, thermal runaway occurs when the overcharge capacity reaches
29.94% of the nominal capacity, with a T, value of 272.04°C, a total gas production of 107.8
L, and a battery mass-loss rate of 21.19%. The main components of the released gas are H,
(43.09%) and CO, (27.68%). These results confirm that polyanion-type NIBs exhibit a lower
thermal runaway intensity compared with lithium iron phosphate batteries; however, the
proportion of flammable components in the released gas remains high. The findings provide
important data for the safety design and application of large-capacity NIBs.

Keywords: polyanionic sodium-ion battery; thermal runaway; adiabatic environment; electro-

thermal abuse; gas-generating properties
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Table 1 Basic parameters of the experimental battery
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Fig. 2 Adiabatic accelerating rate calorimeter
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Table 2 Thermocouples layout of TR experiment for
a battery using ARC
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Fig. 3 Experimental device for thermal runaway
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Table 3 Thermocouples layout of TR experiment for

a battery under overheat
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Table 4 Thermocouples layout of TR experiment for
a battery under overcharge
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SR, TEE M 2T, R A F it R I
WAL, ARG S 70 B i AT A AR R R R
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Table 5 Comparison of battery thermal uncontrol under isolated conditions

CIMIPIES H P IIRE(T,_)I°C R R E (T, ) C BRIRE(T, )C
160 Ah NPFF %1 5 [ 5 740 12 7 He it 100.94 180.51 247.02
180 Ah 2R AL 2 T Ha b ® 115.92 201.30 444 .82

6 MBS T B R RIERTEE
Table 6 Comparison of battery thermal uncontrol under external heating conditions

Lt 2 PRI PR A B i ) C PR A%
160 Ah NPFF L S [1 85 4k 25 it 93.10 273.32 CO,(37.97). H,(31.25). CO(11.41). C,H,(9.38)
180 Ah LR AL B 1 B ® 123.25 484.51 H,(35.39). CO,(30.95). CO(19.16). C,H,(4.34)

RT 0.5C FFRFHTHEMMBMEKIEITEE
Table 7 Comparison of battery thermal uncontrol under overcharge condition of 0.5 C

CERIRHES FERMEL  BOREEEIRIEC 7 SOC/% FEREEHT %
160 Ah NPFF B 5 [ 55 740 & 7 it 107.80 272.04 129.94 H,(43.09). CO,(27.68). CO(10.87). C,H,(6.55)
180 Ah JZIREA) C0,(29.08). H,(28.10). CO(20.79).
o 200.26 573.60 190.84
BN C,H,(14.43)
3 £ ® 1 (10.87 %) F11 7 4755 (6.55% ) S5 21 /i, HhLith Jii 451 2%
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