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Most fire victims succumb to smoke inhalation, and fire smoke toxicity from interior materials is increasing with increased
use of plastics. Large amounts of hazardous effects of smoke are related to deposition of smoke particles in respiratory tracts,
and deposition characteristics are influenced by size distribution of particles. Thus, it is essential to know the size distribution
of smoke particles from plastics for hazard analysis of fire smoke. In a recent study, it has been shown that size distributions
of smoke particles from PP are different from wood in many aspects. In order to know whether other plastics show the same
characteristics as PP, size distributions of smoke particles from four plastic materials (LDPE, PA66, PMMA, and PVC) were
measured in real time under each fire type with various temperature and oxygen supply. In this study, smoke particles from
different plastics were generated uniformly by using steady-state tube furnace method provided in ISO/TS 19700. Their size
distributions were measured by using an electrical low pressure impactor (ELPI). Results of measurements showed that size
distributions of smoke particles from these four plastic materials were similar to those from PP in many aspects. However,

they were distinctively different from those of wood.
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Figure 1. Formation of smoke particles.”
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Figure 2. Mechanisms of lung deposition.
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Figure 4. Experimental set up for the steady state tube furnace and ELPI system.
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Table 1. Conditions for Each Fire Type Based on the ISO/TS 19700

Fire stage S1b S2 S3a S3b
Fire Type N(())r;f(l;:;\l{r;g: Well-vethilated Under—ventilate':d Flat.ning: Under-ventilated Fléming:
Pyrolysis Flaming Small Localized Fires Post-flashover Fires
Temperature (C) 350 650 650 825
@p (L/min) 2 - - -
Equivalence Ratio (¢) - < 0.75 2+£02 2+£02
Table 2. Calculated Primary Air Flow Rates (()p) for each Material
Materials (o /1) (15 Crllom)
from Reference S1b S2 (¢=0.7) S3a (¢=2.0) S3b (¢=2.0)
PMMA 1.92 2 (given) 9.2 32 32
LDPE 3.42 2 (given) 16.3 5.7 5.7
PA6.6 2.33 2 (given) 11.1 3.9 3.9
PVC 1.28 2 (given) 6.1 2.1 2.1
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Figure 6. Comparison of geometric number concentrations of smoke particles for different materials: LDPE (upper, left); PA66 (upper,

right); PMMA (lower, left); and PVC (lower, right).
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Figure 7. Comparison of geometric number concentrations of smoke particles for different fire stages: S1b (upper, left); S2 (upper,

right); S3a (lower, left); and S3b (lower, right).
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