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Abstract — Ensuring safety in the designing of manufacturing and handling facilities for low-density polyethylene
(LDPE) is difficult because there are no standards for the dust explosion characteristics of LDPE. In this study, a dust
explosion test was performed on two dust samples collected from a bag filter (LDPE 1) during the LDPE manufacturing
process and sedimentary dust (LDPE 2) leaked outside a facility such as a silo, and the LDPE 2 explosion test results
were summarized. Particle size analysis showed that the volume-based particle diameter (median) was 95.04 um and the
number density was 0-1 pm. The maximum explosion pressure (P,,,.) was 6.6 bar, and the maximum rate of explosion
pressure rise was 366 [bar/s] at 1500 g/m>. Accordingly, the dust explosion index (K,,) was 99.4 bar-m/s, which was
confirmed as ST-1 grade. Moreover, the minimum ignition energy and minimum ignition temperature was 10 mJ and
450 C, respectively. Currently, manufacturing and handling design is based on the characteristic values of high-density
polyethylene (HDPE). However, as the test results show that LDPE 2 dust has a higher risk than HDPE (particle
diameter 61.6 um), caution is required when using the HDPE design criteria in the LDPE manufacturing process.

Key words: The explosion index for dust (K,,), The maximum explosion pressure rise rate ([dP/dt],,,,), The maximum

explosion pressure (P,,.)
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A |7 YAkE| o] o)dnl Aol vk Exog
214 A SH9itE. LDPE)E AHSL2 4 244] 702 Bag
Filter) W-ell Al 323 2x1o]w, LDPEQ2)= ©]537d 2] M”71,
Silo - AAH] 9 il AF T Exloleh A5 YAke] B
o Bt sk

LDPE A=

11 mh

[¢]

Fig. 17} 7+o] LDPE(1) §JA7F o A3 R%

SE 21-Jun-18 000000 WD 7.6mm 10.0kV xlED 200um

(@) LDPE(1) powder

SE 21-Jun-18 OOCOZ)O WD 6.7mm 10. OkV x100 500um

100x magnified photo

200um

21-Jun-18 000000 WD 7.8mm 15.0kV x250

250x magnified photo

(b) LDPE(2) powder

Fig. 1. Scanning electron microscope photograph of LDPE powder.

Table 1. Experimental equipment and method

Experiment Category

Equipment Method

Particle size distribution

Beckman Coulter’s LS 13320

KS AISO 13320 [7]

Maximum explosive pressure (P,,.),
Maximum rate of explosion pressure rise ([dP/dt],,.).
Lower explosive limit (LEL) concentration

Siwek 20-L apparatus (Kiihner)[17]

EN 14034-1, EN14034-2, EN 14034-3 [8-11]

Minimum ignition energy
Minimum ignition temperature

MIKE 3 apparatus (Kihner)
ASTM E 1491-06 [13]

EN 13821 [12]
KS C IEC 61241-2-1[14]
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Fig. 2. Particle size distribution of LDPE based on volume.
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Fig. 3. Particle size distribution of LDPE based on volume.
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Fig. 4. Particle size distribution of LDPE based on surface area.
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Fig. 5. Particle size distribution of HDPE samples [3].
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3-3. Dust explosion characteristics

3-3-1. Maximum explosion pressure (P,,,.)
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3-3-3. Deflagration index of dust cloud (K,
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Fig. 13. Explosion pressure rise rate of HDPE by dust concentration [3].

Table 2. Dust explosion hazard classification

Risk Rank K,, [bar-m/sec] P, [bar gauge]
ST-1 0<K, <200 <10
ST-2 200 <K, <300 <10
ST-3 300 <K, <12
*K,, and P, are determined in approximately spherical calibrated test

vessels of at least 20 L capacity per ASTM E1226, Standard Test Method
Jfor Explosibility of Dust Clouds.

Sources : NFPA 68, Standard on Explosion Protection by Deflagration
Venting (2018).

K,; : Deflagration index of dust cloud [bar-m/sec]
(dP/dt)max : Maximum rate of explosion pressure rise [bar/sec]

V : Volume of confined space (vessel) [m?]
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