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Fig. 1. Schematic diagram of propylene downstream.
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Table 1. Characteristics of propylene

Chemical name Propylene
Structural formula CsHg
CAS No. 115-07-1
Phase Gas
Color Colorless
Melting point -185 C
Boiling point -48 C
Flash point =107 C
Explosion limit 220183 %
Autoignition temperature 460 C
Vapor density 1.50 kg/m®
Specific gravity 0.5
Molecular mass 42.03 g/mol
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Photo 1. The picture of experimental apparatus for vapor

explosion tester.
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Table 2. Characteristics of pressure transducer

Characteristics

Rated capacity 30 bar

Attaching screw section : Max. 300 °C
Wastewater : Max. 80 °C

Safe temperature The diaphragm may come into

contact with high-temperature gas

with no problems.

Safe excitation 10 V. AC or DC
Recommended excitation 1 to5 V AC or DC
Input resistance
1 350 Q £29%
Output resistance
Safe overloads 130% (Static), 100% (Dynamic)
Natural frequencies approx. 21 kHz
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Prepare sample & Set device temperature

v

Internal pressure -1.0 bar(vacuum pump)

Insert sample
(Dalton's law of partial pressure)

|

High-voltage device

Explosion in No
10 times

r v

Explosion { Non-explosion J

- Minimum explosion concentration; LEL
- Maximum explosion concentration: UEL

|

Remove remaining gas inside explosion vessel

Fig. 3. Flowchart of experiment method.
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Fig. 42. The relationship between explosion pressure rise rate of

propylene and time according to oxygen concentrations at
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propylene and time according to oxygen concentrations at
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Nomenclature & Greek Letters

: Specific volume

. Absolute pressure
: Volume

: Gas constant

. Universal gas constant
. Absolute temperature

: Number of moles
: Molecular mass

: Mass

. Mole of component

. Total mole of all components

: Mole fraction of component ¢

. Gas deflagration index
. Pressure rise rate

: Density

[m’/kg]

[kPa]

[m?]
[kPa-m”/kg K]
[kPa'm®/kmol-K]
[K]

[kmol]
[kg/kmol]

[kg]

[mol]

[mol]
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[m-bar/s]
[bar/s]
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Assessment of the Explosion Risk of Propylene
according to the Changes in Temperature and

Pressure upon Addition of the Inert Gas

Yu-Jung Choi

Dept. of Fire Protection Engineering, Graduate School,
Pukyong National University

Abstract

In order to assess the risk of propylene according to the changes
In temperature and pressure, the explosion range and the minimum
oxygen concentration were measured using nitrogen and carbon di-
oxide as inert gases, and through these, the explosion pressure and
the explosion pressure rise rate, which are the indices of the risk of
explosion, were derived. In addition, to minimize the damage of gas
explosion, an index that allows predicting the size and number of

outlets by deriving the deflagration index was presented.
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(1) At the temperature of 25 C and the pressure of 1.0 bar in ni-
trogen as an Inert gas, the explosion range was 2.5% as the
lower limit and 13.5% as the upper limit at the oxygen concen—
tration of 21%, and if the pressure was increased to 2.5 bar at
the same temperature and oxygen concentration, the lower limit
was 2.5% and the upper limit 15.1%. This indicated that the
lower limit was unchanged while the upper limit rose sub-—

stantially when the pressure was increasing.

(2) At the pressure of 1.0 bar in nitrogen, the increase of temper—
ature from 25 T to 200 C decreased the lower limit from 2.5%
to 2.2% and increased the upper limit from 13.5% to 14.8%,
which indicated the increase in temperature widened the ex-

plosion range.

(3) At the temperature of 25 C and the pressure of 1.0 bar, the
measurement of the explosion rate using carbon dioxide as an
mmert gas showed that the lower limit was 4.0% and the upper
limit 11.1%6 at the oxygen concentration of 21%6. When the pres—
sure was Increased to 2.5 bar, the lower limit was 4.0% and the

upper lmit 12.8%, which indicated that the upper limit rose
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while the lower limit was unchanged when pressure was

increased.

(4) At the pressure of 1.0 bar in carbon dioxide as an inert gas, the
increase of temperature from 25 C to 200 C decreased the
lower limit from 4.0% to 3.7% and increased the upper limit
from 11.196 to 12.1% at the oxygen concentration of 21%, which
indicated that the explosion range was widened if temperature

increased.

(5) When using inert gas nitrogen or carbon dioxide, the minimum
oxygen concentration decreased if pressure was increased at the
same temperature or temperature was increased at the same

pressure, which indicated the increased risk.

(6) When the explosion range was compared using inert gas nitrogen
or carbon dioxide, the explosion range in nitrogen was wider. This
1S because an inert gas with the greater specific heat would ab—
sorb more calories. In addition, although the amount of added car—
bon dioxide was less than that of nitrogen, a large dilution effect

was caused by the low minimum oxygen concentration(MOC).
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(7) At the temperature of 25 C and the oxygen concentration of
21% 1n nitrogen, the maximum explosion pressure was 5.29 bar
at the pressure of 1.0 bar, and 15.86 bar at the pressure of 2.5
bar. Furthermore, at 100 C, the maximum explosion pressure
was measured to be 4.53 bar at the pressure of 1.0 bar, and
13.73 bar at the pressure of 2.5 bar. At 200 C, it was measured
to be 3.54 bar at the pressure of 1.0 bar, and 11.52 bar at the

pressure of 2.5 bar.

(8) At the temperature of 25 C and the oxygen concentration of
21% 1n nitrogen, the maximum explosion pressure rise rate was
239 bar/s at the pressure of 1.0 bar, and 787 bar/s at the pres-
sure of 2.5 bar. In addition, at 100 C, the maximum explosion
pressure rise rate was measured to be 217 bar/s at the pressure
of 1.0 bar, and 676 bar/s at the pressure of 2.5 bar. At 200 T,
it was measured to be 171 bar/s at the pressure of 1.0 bar, and

556 bar/s at the pressure of 2.5 bar.

(9) At the temperature of 25 C and the oxygen concentration of
21% 1n carbon dioxide, the maximum explosion pressure was

2.40 bar at the pressure of 1.0 bar, and 8.26 bar at the pressure
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of 2.5 bar. Furthermore, at 100 C, the maximum explosion pres-
sure was measured to be 1.87 bar at the pressure of 1.0 bar,
and 6.66 bar at the pressure of 2.5 bar. At 200 T, it was
measured to be 1.64 bar at the pressure of 1.0 bar, and 5.14 bar

at the pressure of 2.5 bar.

(10) At the temperature of 25 C and the oxygen concentration of
21% 1n carbon dioxide, the maximum explosion pressure rise
rate was 46 bar/s at the pressure of 1.0 bar, and 182 bar/s at
the pressure of 2.5 bar. In addition, at 100 C, the maximum ex-
plosion pressure rise rate was measured to be 38 bar/s at the
pressure of 1.0 bar, and 152 bar/s at the pressure of 2.5 bar. At
200 T, it was measured to be 36 bar/s at the pressure of 1.0

bar, and 141 bar/s at the pressure of 2.5 bar.

(11) The deflagration index of the gas obtained through the max-
imum explosion pressure rise rate and the volume of the con-
tainer was 24.71 bar'm/s at the temperature of 25 C, the pres-
sure of 1.0 bar and the oxygen concentration of 21% 1n nitro—
gen, which can be used to design the size, thickness, and num-

ber of outlets in an enclosed space.
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