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Abstract : Lithium ions can induce the thermal runaway phenomenon and lead to
reignition due to electrical, mechanical, and environmental factors such as high
temperature, smoke generation, explosions, or flames, which is extremely likely to create
safety concerns. Therefore, one of the ways to improve the flame retardancy of the
electrolyte is to use a flame-retardant additive. Comparing the associated characteristic
value of existing substances with the required experimental value, it was found that these
values were either considerably different or were not documented. It is vital to know a
substance’s combustion characteristic values, flash point, explosion limit, and
autoignition temperature (AIT) as well as its combustion characteristics before using it.
In this research, the flash point and AIT of materials were measured by mixing a highly
volatile and flammable substance, diethyl carbonate (DEC), with flame-retardant
dimethyl methylphosphonate (DMMP). The flash point of DEC, which is a pure substance,
was 29° C, and that for DMMP was 65° C. Further, the lower explosion limit calculated using
the measured flash point of DEC was 1.79 Vol.%, while that for DMMP was 0.79 Vol.%. The
AIT was 410° C and 390° C for DEC and DMMP, respectively. In particular, since the AIT
of DMMP has not been discussed in any previous study, it is necessary to ensure safety
through experimental values. In this study, the experimental and regression analysis
revealed that the average absolute deviation (ADD) for the flash point of the DEC+DMMP
system is 0.58 sec and that the flash point tends to increase according to changes in the
composition employed. It also revealed that the AAD for the AIT of the mixture was 3.17
sec and that the AIT tended to decrease and then increase based on changes in the
composition.
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Table 1. Comparison of flash points, AlTs and explosion limits
of DEC

References Flash points LELs-UELs AITs (C)
KOSHAY 25 1.4~11.0 445
Ignition'” 25 1.7~12.4 334
Sigma'? 25 1.4~11.0 -
NFPA™ 33 1.4~11.0 445
Alfa Aesar'? 33 1.4~11.0 445
Acros Organics'® 33 1.4~11.0 445
Guo"” 33 1.4~11.0 445
Pubchem'® 31 -
Fluka Chemie AG' 25 -
Industrial Solvents Handbook®” 25 -
Encyclopedia of Chemical 311 B
Technology®”
Chen®™ 25 -
K. -C. Moller™ 31 -

Table 2, Comparison of flash points, AlTs and explosion limits
of DMMP

References Flash points LELs-UELs AITs (C)
KOSHA'” 69 -
Sigma'? 69 -
NFPA" 68 -
Alfa Aesar™ 68 -
Acros Organics®” 68 -
Guo"” 69 -
Fisher Scientific?® 68 -
Pubchen™ 433 -
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Table 3. The table of experimental materials

Components Companies  Assay (%) CAS No. UN No.
DEC TCI 98 105-58-8 2366
DMMP Sigma-Aldrich 98 756-79-6 1993
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Fig. 1. Ignition temperature inside the flask during an ignition
experiment of DEC,
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Table 4. Comparison of experimental and calculated delay
time by AIT for DEC

NO. T [K] Texp. 5] 7y, 7..(Eq 2)
1 683.15 9.25 222 11.16
2 693.15 8.78 2.17 8.93
3 703.15 7.75 2.04 7.18
4 713.15 6.28 1.83 5.82
5 723.15 5.15 1.63 4.74
6 733.15 4.75 1.55 3.88
7 743.15 3.08 L.12 3.20
8 753.15 2.72 1.00 2.65
9 763.15 1.78 0.57 2.20

AAD - - - 0.55
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Fig. 2. Ignition temperature inside the flask during an ignition
experiment of DMMP,
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Table 5. Comparison of experimental and calculated delay
time by AIT for DMMP

NO. T [K] Tex.[5] N7y 7esr(Bq: 5)

1 663.15 6.99 1.94 727

2 673.15 5.56 171 5.60

3 683.15 481 1.57 436

4 693.15 328 118 341

5 703.15 2.80 1.02 2.69

6 713.15 2.01 0.69 2.13

7 723.15 1.73 0.54 1.70
AAD - - - 0.16
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Table 6. Experimental and predicted flash point of DEC and
DMMP system

Mass ratios Flash point
X X Exp.(C) Eqn.(6) Eqn.(7)
1.0 0.0 29 29.82 29.34
0.9 0.1 31 31.04 31.14
0.8 0.2 34 3277 33.13
0.7 0.3 36 35.02 35.39
0.6 0.4 38 37.78 38.01
0.5 0.5 39 41.06 41.06
0.4 0.6 45 44.85 44.63
0.3 0.7 49 49.16 48.79
0.2 0.8 54 53.99 53.63
0.1 0.9 60 59.33 59.23
0.0 1.0 65 65.18 65.66

AAD - 0.59 0.58
60
—=— Flash point

«] | & Flash point.Eqn.(7)

Flash point of Mixture("C)

0.2 04 06 0.8
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Fig. 3. Comparison of Flash Point prediction curves(Egn.7)
with experimental data for DEC(X;) + DMMP(X,) system,
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Table 7. Experimental and predicted AlTs of DEC and DMMP
system

Mass ratios AlTs
X X Exp(C)  Exp(K) Eqn.(8) Eqn.(9)
1.0 0.0 410 683 690 687
0.9 0.1 405 678 675 676
0.8 0.2 400 673 663 666
0.7 0.3 385 658 654 657
0.6 0.4 370 643 647 649
0.5 0.5 365 638 643 643
04 0.6 367 640 642 640
0.3 0.7 370 643 643 640
0.2 0.8 375 648 647 644
0.1 0.9 380 653 653 652
0.0 0.1 390 663 662 665
AAD - - 3.36 3.17
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Fig. 4. Comparison of AIT prediction curves(Egn.9) with
experimental data for DEC(.X; )+ DMMP(X;) system.
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