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ABSTRACT

Bromotrifluoromethane(halon-1301) and bromochlorodifluoromethane(halon-1211) have been widely
used as a clean fire extinguishing agents due to their outstanding properties. However, production
and use of halon are currently being phased out under an international agreements Montreal Proto-
col because of global environmental concerns and HFCs have been considered as promising alter-
natives for the replacement of halon since their ozone depletion potentials are low. The vapor-liquid
equilibrium data are required as important basic information in evaluating the solubility of clean fire
extinguishing agents and determining their optimal compositions. In this work, we chose HFCs such
as HFC-22, HFC-125, and HFC-134a for gaseous fire extinguishing agents and nitrogen as a pres-
surization gas for a proper jet velocity of these agents. Phase equilibria for binary mixtures of nito-
gen/HFC-22, nitrogen/HFC-125, and nitrogen/HFC-134a were measured in the temperature range
from 283.15K to 303.15K. For equilibrium measurement, we used a circulation type apparatus in
which both vapor and liquid phases were continuously recirculated. The experimental data were rel-
atively well correlated with the Peng-Robinson equation of state with Wong-Sandler mixing rules.

Keywords : Fire Extinguishing Agents, HFC-22, HFC-125, HFC-134a, Nitrogen, Solubility
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Component | Chemical formula M.W. T/K P/MPa V(em®/mol) Z. ®
Nitrogen N» 28.01 126.21 3.390 0.900 0.290 0.0390
HFC-22 CHCIF, 86.47 369.30 4.990 169.000 0.274 0.2208
HFC-125 C,HF5 120.03 339.33 3.629 210.099 0.270 0.3035
HFC-134a CF;CH,F 102.03 374.21 4.059 199.316 0.260 0.3268
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K Interaction NRTL parameters Deviation
parameter 7 T P | 3y
No(1)+HFC-22(2)
283.15 0.0140 0.0147
293.15 0.6905 1.9487 -1.0125 0.0506 0.0379
303.15 0.0164 0.0417
Ny(1)+HFC-125(2)
283.15 0.0090 0.0213
293.15 0.8760 2.6733 -1.3255 0.0111 0.0271
303.15 0.0125 0.0385
N,(1)+HFC-134a(2)
283.15 0.0075 0.0073
293.15 0.7948 1.8335 -1.0674 0.0487 0.0222
303.15 0.0108 0.0193
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Nomenclature

a(m : temperature-dependent EOS constant

b :EOS constant

P P, : pressure, critical pressure(MPa)

R : gas constant, 8.3144 J-mol! K!

T, T, T, :absolute temperature, critical tempera-
ture, reduced temperature (K)

Greek

Tis, Tay  : NRTL parameters, dimensionless

a(T) : temperature-dependent EOS parameter

® : acentric factor

Subscripts

c : critical property

cal : calculated

€xp : experimental

i’j

: ith, jth component of the mixture
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