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Table 2
Summary of onset temperatures and peak temperatures.
Battery chemistry Onset Peak cell Peak gas
temperature temperature temperature
(OC) (OC) (OC)
LFP 200 399 275
LTO 163 305 245
NMC 1 145 835 244
NMC 2 140 998 313
24.34 4.5 25.39 5.9 0.08 3.26 1.29
8.41 5.3 37.6 1.23 0.0008 1.38 0.40
12.39 30.30 13.22 10.50 0.0026 0.10 0.16
12.54 28.06 19.91 12.90 0.0027 0.16 0.21

Experimental study
on thermal runaway
and vented gases
oflithium-ion cells
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Table 3. Data recorded during battery TR.

(o C) T1 T2 T3 Tmax T(mset
NCM523 370.6 589.3 695.5 549.3 142.7
NCM622 555.9 504.8 600.6 597.1 140.8
NCMS811 564.2 767.6 826.1 762.8 135.6

NCM90.50.5 843.5 903.7 943.9 842.1 130.6

LEP 170.9 306.6 559.2 302.1 184.0

T1: the maximum temperature of battery side TR; T2: the highest temperature during TR of battery surface; T3: the
highest temperature during TR of battery heating surface; Tpuax : the maximum average temperature during 3

TR(TmM = average(Tl + T2+ TS),' Tonset: TR onset temperature.
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¢ olREREE : H2 - CH

#SHEE : HF - HCN -

LiPF¢ — LiF + PFs

PFs + H,0 = POF; + 2HF

LiPF¢ + H,O — LiF + POF; + 2HF

(4a)

(4b)

(4¢)

HCI

4 Ribie're et al. [81] found that for burning a 95-g pouch LIB (Li-ion
Battery), the maximum emissions of CO, NO, SO2, HCl, and HF

were 1.77 a. 195 ma. 220 ma. 25 ma. and 757 ma. respectivelv.

Table 6

List of Toxic Gas Emissions from Full-Scale EV Fire Tests [95]

Vehicle Weight Battery or fuel capacity Total CO (kg) Total HF (kg)
Unknown BEV 1122 16.5 kWh 10.4 1.5
Unknown ICEV 1128 Full tank of diesel 12.0 0.6
Unknown BEV 1501 23.5 kWh 11.7 1.5
Unknown ICEV 1404 Full tank of diesel 15:7 0.8
24.34 4.5 25.39 5.9 0.08 3.26 1.29
8.41 5.3 37.6 1.23 0.0008 1.38 0.40 88
12.39 30.30 13.22 10.50 0.0026 0.10 0.16
45 CA NO N, 40 O1 4 ON N NNNO 7 n 12 n D1
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Figure 1. Results for type B cells, for 0-100% SOC with intermediate SOC-steps of 25%, exposed to an

external propane fire; (a) showing the heat release rate (burner HRR contribution is subtracted), the inset photo
shows burning battery cells during the test; (b) showing the HF release both as the measured concentrations

as well as the calculated HF production rates. The HF production rates are calculated from the measured HE
concentration by the Ideal gas law taking into account the ventilation flow, see Methods. The starting time of the
heating process is marked on the time axis.

Toxic fluoride gas emissions from
lithium-ion battery fires

Fredrik Larsson'?, Petra Andersson?, Per Blomqvist? & Bengt-Erik Mellander® 90
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EMS

BMS
o (Battery Management System) (Energy Management System)

i _ _ : PCS
R e : ... : (PowerConversion System)

Control System

oTemperature ......... TP - ;
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Voltage
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Scalable

» Capacity

Up to 220 kWh Up to 440 kWh Up to 2 MWh Up to 4 MWh
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https://resource-recycling.com/recycling/2025/03/18/recycling-facility-fires-increase-substantially-in-2024/?utm_source=chatgpt.com
https://www.thetimes.co.uk/article/firefighters-raise-alarm-over-rise-in-battery-fires-jgp8lddfd?utm_source=chatgpt.com
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