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Hydrofluorocarbons have mainly been used as refrigerants of air conditioners; however,
the urgent development of alternatives for these has attracted much attention due to their
high global warming potential. Under these circumstances, AGC announced the development
of trifluoroethylene (HFO-1123) as a new refrigerant component in March 2014. HFO-1123
satisfies the basic performance requirements for room air conditioner refrigerants. However,
it was known that HFO-1123 explosively decomposed into tetrafluoromethane, hydrogen
fluoride, and carbon under certain temperature and pressure conditions. Our research
clarified the features of HFO-1123 decomposition to be avoided; it was found that the
explosive decomposition of HFO-1123 in a mixed gas could be evaluated from the constant
molar heat capacity of the mixture and that the HFO-1123 decomposition phenomena could
be represented in terms of probabilities by statistical analysis. Our findings would allow
optimization of the compositions of refrigerants based on HFO-1123 and quantitative
evaluation of the risk of HFO-1123 decomposing under the operating conditions.
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Table 1. Basic properties of HFO-1123 and other
refrigerants mainly used

HFO-1123 R-410A HFC-32
CH,F
y e CF,=CHF P2 CHSF
7FWE 2 CHF,CF, 2z
nFE 82 73 52
B R [°C] -56 -51 -51
XK F @ 1.6 4.9
GWP (100 years, CO,=1) 0.3 2090 675
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Fig. 1. Example of pressure change with time when HFO-
1123 disproportionate
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Fig. 2. The result of the HFO-1123 dlspro ortionation test
of the mixed gas with 14 gases , (O non-
dispropotionationX : disproportlonatlon)
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Fig. 3. Relationship between mixed mean heat capacity
and average value of concentrations “
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Fig. 5. Pl(cg of 242 tests versus spark energy at 1 MPa, 373
K
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Fig. 6. Probability density function of HFO-1123
disproportionation versus logarithm of ignition
energy calculated by 242 experimental results
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F(E) = %(1 + erf (%)) (4)

Table 2. Calculated ignition probabilities and given ignition
energies at 1 MPa, 373 K
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