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Abstract:To effectively prevent explosion hazards during propylene production, storage, and utilization, the
explosion limits of propylene in air under varying initial temperatures (20 °C—180 °C) and initial pressures (0.1
MPa-0.9 MPa) were measured using 12L explosion limit tester. The study revealed that as the initial temperature
and pressure increase, the upper explosion limitUEL) of propylene rises significantly, while the lower explosion
limit (LEL) decreases slightly, resultingyin a marked broadening of the explosion limit range. At an initial
temperature of 180 °C, with the ptessurenincreases, the carbon powder content in the explosive products
significantly increases during the/UEL 'test, and the LEL decline transitions from a linear to a sliding-curve pattern.
Analysis using CHETAH 11.0°software,revealed that the increase in carbon powder content is closely related to
thermodynamic properties undenhigh¢temperature and high-pressure conditions. When the pressure rises from 0.1
MPa to 0.9 MPa, the carbon powder content in the explosion products surges from 3.82% to 25.88%. This
significant growth prifnarily” stems from two factors: first, high-pressure conditions promote the Boudouard
reaction toward carbon formation; second, the increased total amount of reactants under high pressure leads to a
multiplicative risg’ iyproduct quantities.Using CHEMKIN software, the combustion characteristics of propylene
under lower explosion-limit conditions were investigated. In the fuel-lean region, propylene undergoes free radical
chain reactions, ultimately generating CO,, which maintains the calculated adiabatic flame temperature (CAFT)
above 1400 K. As pressure increases, CAFT gradually decreases. Meanwhile, with rising temperature, CAFT
exhibits a pressure-dependent transition: at low pressures (<0.5 MPa), CAFT increases, whereas at high pressures,
it decreases, with 0.5 MPa serving as the critical transition threshold. The coupling effects of initial temperature
and pressure on explosion limits are far more pronounced than those of individual factors, with a stronger impact
on the UEL than the LEL. The coupling effects caused a 108% increase in the UEL and an 18.05% decrease in the
LEL. For individual factors, initial temperature alone led to a 3.8% UEL increase and a 3.41% LEL decrease,
while initial pressure alone resulted in a 51.3% UEL increase and 2.44% LEL reduction. The research ultimately
established curve/surface models and fitting equations describing propylene's explosion limits under varying
temperature-pressure conditions, providing critical data support for industrial safety design.
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Table 1 Parametersforfitting function
y/% X A B R?
UEL °C 11.860.044 0.0025+0.0004 0.9346
UEL MPa 10.95540343 8.05+0.59652 0.9838
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LEL MPa 2.066+0.0115 -0.06£0.02 0.75
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Table 2 Propylene UEL varied withsnitial temperature or pressure

75 FRJE IR /vol% WHE RIR/V01% TR/ %
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g z=70+a*x+tb*y+c*x " 2+d*y " 2+f*x*y
z0 10.69811 + 0.38152
a 10.32931 £ 1.15623
b -0.00637 £+ 0.00578
c -3.65357 £1.04212
d 3.99107E-5 + 2.60529E-5
f 0.04521 + 0.00436

R2 0.99266
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Table 4 Combustion products of propylene at 180 °C under various pressures

o 01 MPa%  03MPa%  0.5MPa% 0.7 MPaf%  0.9MPa%

Ar 0.57869 0.49768 0.4507 0.41505 03771
CH, 0.54179 1.8182 3.0962 4.3484 5.73%7
Co 19.5 12.289 9.1392 7.2639 58482
O, 22728 3.0184 2.9603 24398 23873
H, 23.148 23.19 22.724 2248 22.035
H,0 1.8815 3.972 5.1332 5.8523 6.2729
NH; 0.0047617  0.0148 0.02423% 0.033 0.04168
N 48248 41.489 37.566 34.59 31.421

C 3.8244 13.711 18.906 22.509 25.882
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Fig.5 Propylene LEL varied with initial temperature or pressure
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Table 5 Propylene LEL varied with initial temperature or pressure
F5 HENE T BR/vol% FEKE T BR/vol% BRI %
1 2.05 (20°C. 0.1 1.68 (180°C. 0.9 18.05
MPa) MPa)
2 2.05 (20°C. 0.1 1.98 (180°C. 0.1 341
MPa) MPa)
3 2.05 (20°C. 0.1 2.00 (20°C. 0.9 MPa) 2.44
MPa)
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Fig.6 Propylene EEL curve with initial temperature and pressure
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Table 6 Parameters for fitting function

gkl Poly2D
I fe 7=z0+a*x+b*y+c*x " 2+d*y 2 +f*x*y;
z0 2.07291 +0.02862
a -0.06986 + 0.08673
b -1.96429E-4 + 4.33653E-4
c 0.06786 + 0.07817
d -1.51786E-6 + 1.95426E-6
f -0.00215+3.27011E-4

R? 0.96132
VR R S R EE T 77 T TR R R BRSOV HR IR S 6 B, AT SR A T 4 K I
R VA ) I S5 1%, R CHEMKINR PR (M At 45 £ AramcoMech3. 04K S N 3h 71 5 ML,
RGBT HIBERRRIE R RIS 40 T I RIRIE (CAFT) SERIE FIRINC R 2T
BRACME T, 1mol PR AIRRIE IR BE T 275 A
C3He+n(02+3.76N2)— 3CO2+3H20+ (n—4.5)02+3.76 N> (2)
A £ i 23 SR~ A FINASAZ a4 Cp(T), 3E AR M Al d =y 7y

-
Tad
AHp i + f (Nco,Cp, cop + D1,0C,, 10 +10,C, 4, +08,Cp y, .00 dT=0 o

Tj

THERPIPURAEAFNREE . IR IETRE WK



B 5 il

Explosion and Shock Waves

® RHEANERE. EATHERNIERELER

Table 7 Calculated adiabatic flame temperature results of propylene under varying temperature and pressure conditions

M 0.1 MPa/% 03 MPa/% 0.5MPa/% 0.7 MPa/% 0.9 MPa/%
293 1457 1457 1457 1447 1433
333 1465 1465 1465 1440 1431
373 1497 1477 1458 1433 1414
413 1529 1495 1461 1422 1405
453 1552 1474 1425 1415 1392
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