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ABSTRACT

The commercially available IG-541 extinguished agent composed of inert gases was developed for
environmental protection. The extinguished agents were considered in terms of physical properties,
efficient characteristic, environment, stability, and economical efficiency. The pure and mixture com-
ponents of physical properties of N;, Ar and CO, were chosen and compared. The physical properties
of density, viscosity and surface tension of inert gases were plotted with the molar ratios of N,/CO,
and Ar/CO, in terms of a temperature. The extinguished agent in the composition of N,, Ar and CO,,
50/40/10 (mol %) showed relatively high density, low viscosity and moderate surface tension, there-
fore it was suitable for the alternative extinguished agents.
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Table 1. Comparison of physical properties of pure and mixture components

Chemical Gas density [ Viscosity | Surface Boiling Concerlxstirrition of
Class Formula MW |(25°C, laatm, (25°C, latm, tsnsion P(:int. extinguishing ODP GWP
Kg/m®) cP) (25°C N/m)| (°C) (Vol. %)
Ar 39.94 0.2246 0.02233 | 0.0000976 | —185.89 - 0 na
Pure N, 28.01 | 125.0863 0.01695 |[0.0001136| —195.78 - 0 na
CO, 44.01 89.9401 0.01518 |[0.0005784; -78.44 - 0 na
Mixture 20% N,
(Inergen) ;i(());/o é\(; 34 98.541 0.01279 | 0.0000038 na 29.1 0 na
0 LOy
Table 2. Physical properties of inert gases
Chemical Formula T(K) Pc(bar) V(em®/mol) Zc [0)
Ar 150.87 48.98 75 0.2928 0.0001
N, 126.21 33.90 90 0.2907 0.0390
CO, 304.14 73.75 9 02741 0.2390
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Fig. 1. Effect of temperature on densities with inert gases.
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Fig. 2. Effect of mole fraction of inert gases on densities.
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N, Ar Co,
A 3.04X10° | 439x10? | 255%x107°
B 499x107° | 640X107° | 4.55X107
C -1.10X10"® | -1.30X 107 | -8.60X 107
e 0.99 0.99 0.99
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Fig. 3. Effect of temperature on viscosities with inert gas.
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Table 4. Surface tension of inert gases with temperature

A - ol

T (K) N, Ar CO,

70 0.01054 - -

80 0.00831 - -

84 - 0.0133 -

86 - 0.0128 -

88 - 0.0123 -

% 0.00619 0.0118 -

92 - 0.0113 -

100 0.00419 - -

110 0.00235 - -
120.47 - 0.00498 -
125.19 - 0.00402 -
130.68 - 0.00293 -
135.15 - 0.00214 -
140.12 - 0.00124 -
259.53 - - 0.00660
264.49 - - 0.00600
270.57 - - 0.00500
274.40 - - 0.00400
280.26 - - 0.00293
286.34 - - 0.00207
202.42 - - 0.00120
298.42 - - 0.00047

Table 5. Parameters of empirical eq. (19) for surface tension

(CO, : 240<T<300)

N, Ar “CO,
A =322 ~3.99 -17.42
B 9.24 13.50 92.13
r2 0.94 0.94 091
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Fig. 5. Effect of temperature on surface tension with inert
gas.
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gom Weel Fxol 2% WY 208(K)olA 380(K)
o FHAE 70(K)lA 304K)ol8ke] 2% WA
&8 + YAk o] T - Inergen 50% N,, 40%
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10% COx(mol. %)J+ THFE 24 w2 EA
lia}%it}. Ao oty 2z tigh g9
o} 3RA EFE i N9t A COl 24
HlE NJ/CO,8t ACO,8 EV=E R3] EAY &
g AN, o8 B3 7+ BN AskAlRA
g WIS F Je ZAAUNE & F AU o
23 A8 dola RuE 7 5292 AT Ao
31 3ARA EFE F 50% N,, 40% Ar, 10% CO,
(mol. %)2] FAoM WE7l =32, A%yl yon, ¥
HAFo] &£ AR Brh X g& ¥e EFE0 &

A=A 55 RE & F AT

o g ook = (B mlo

#Ale| 2
A3tz FR7 W@ A A7 AL 7
ArE gy,
71s4dd9
B :acentric factor constant

n  :viscosity[cP]

MN: :reduced viscosity

pu  : dipole moment

p  :density[kg/m’]

o :surface tension[N/m]

o  :acentric factor

Fgr; :polar correction factor
k : Boltzmann constant[J/K]

n  :constant of the viscosity
N :Avogadro number[/mol]
P : pressure[bar]

P, :reduced pressure[—]

T :temperature[K]

T, :reduced boiling temperature[—]
T, :reduced temperature[—]

V¢ :critical volume[cm®/mol]
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