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Abstract — Many of plastic powders handled in industry are combustible and have the hazard of dust fire and explo-
sion accidents. However poor information about the safe handling has been presented in the production works. The aim
of this research is investigated experimentally on explosive characteristics of various plastic powders used in industry
and to provide additional data with safety informations. The explosibility parameters investigated using standard dust
explosibility test equipment of Siwek 20-L explosion chamber. As the results, the dust explosion index (K,,) of ABS
(209.8 um), PE (81.8 um), PBT (21.3 pm), MBS (26.7 pum) and PMMA (14.3 um) are 62.4, 59.4, 70.3, 303 and 203.6
[bar-m/s], respectively. And flame propagation velocity during plastic dust explosions for prediction of explosive dam-
age was estimated using a flame propagation model based on the time to peak pressure and flame arrival time in dust
explosion pressure assuming the constant burning velocity.
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Fig. 2. Particle size distribution of PMMA dust.
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Table 1. Particle size of samples

Samples  Particle Diameter Range (um) ~ Median diameter, D, (um)
ABS 1~1000 209.8
PE 1~800 81.8
PBT 0.4~160 21.3
MBS 1~900 216.7
PMMA 1~40 14.3
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Fig. 3. Scanning Electron Microscope of PMMA dust.
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Fig. 4. Measurement of MEC of ABS dust.
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Table 2. Minimum explosible concentration (MEC) of plastic dust samples

Samples Median diameter (pm) MEC (g/m?)
ABS 209.8 50
PE 81.8 30
PBT 21.3 40
MBS 216.7 50
PMMA 14.3 40
Pm dP/dt

- 80 - 400

- 60 - 300

At I L A 2

20 y - 100

Y
v T v v v

v T v v v
250 500 750 1000 1250 g/m3 250 500 750 1000 1250 g/m3

Fig. 5. Maximum pressure and rate of pressure rise in ABS dust
explosion.
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Table 3. Explosion characteristics of plastic dust samples
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Fig. 9. Time-pressure curve and combustion time of particles in dust
explosion of closed chamber.
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Fig. 10. Flame propagation velocity of plastic dust samples with con-
centration.
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(Time to peak pressure)= S]] gt} W 8704 2xlo] 25}x o
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sldo] 8712 Bl Teshs A HeolA whAysict 23 sk
(Flame front)o] W] 2-7]2] Bl Hsh=d] 2 Q%+ AZHS 3}
AE AT (Flame arrival time, t,)012F1 3F1S o, t= t,2F A2
Hle|gkeh25]. 2822 Fig. 13 22 7358487 (Spherical explosion
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(Flame velocity, V)= V=r/t, o} o] vepd 5= Qlt}. o] wff v,
7ol QlojA] X184 W3 A1) 3197 (Flame thickness)y= 12
H3HA] oith FHH L) v (1) 7] AF (V)Y 3AEE

ABS PE PBT MBS PMMA
Mean Diam. [pm] 209.8 81.8 213 26.7 143
MEC [g/m’] 50 30 40 50 40
P, [bar] 49 7.3 5.9 9.8 8.0
(dP/dt),,,. [bar/s] 230 218 259 1116 750
K,, [m-bar/s] 62.4 594 70.3 303 203.6
Dust explosion class Class 1 Class 1 Class 1 Class 3 Class 2
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Fig. 11. Maximum explosion pressure and explosion index of PMMA
dusts.
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Fig. 12. Comparison of flame velocity (V) and (K,/P,,) in PMMA dust
explosion.
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(1) ABS, PE, PBT, MBS, PMMAS] A& 7|& ] o] z+2}
209.8, 81.8, 21.3, 26.7, 14.3 um?) Z7el|A] Zsl8ks T (MEC)2
=7 A3} 50, 30, 40, 50 L 40 [g/m3]2] gko] AojFit).

(2) &3t ABS, PE, PBT, MBS, PMMA 9] | &4 (P, )
4.9,73,5.9,9.8, 8.0 bar, HthZ L Ab5& 5 [(dP/dt),,, 1= 750,
230, 218, 259 9 1116 [bar/s] 712] 3L ZEA]$2(K,)= 203.6, 62.4,
59.4, 70.3 ¥ 303 [m-bar/s]2 LJERGT}.

(3) X Z kel ot T S flake] 319 W 35 (Flame
velocity, V)] 57 21(V,=V'"3-[(dP/dt),/P, )& AH&-3Fe] Alxbe
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P, : explosion pressure [bar]

e : maximun explosion pressure [bar]

(dP/dt),, : rate of pressure rise [bar/s]
(dP/dt),,,. : maximun rate of pressure rise [bar/s]

\Y : closed vessel volume [m?]

K, : dust explosion index [bar-m/s]

t : combustion time of dust particles [s]

t : flame arrival time to vessel wall [s]

r : radius of spherical explosion vessel [m]
\Z : flame velocity [m]
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max : maximum
c : combustion
w : vessel wall
f : flame
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