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Experimental Study on the Combustion Characteristics and
Human Hazard of Flame-retardant Plywood
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Abstract

This study was carried out to improve the flame-retardant performance of plywood for wood and woody materials used in buildings.
The flame retardant used in this study was prepared by mixing boron, phosphorus, and ammonium species, and the prepared chemical
composites were treated at the time of plywood production using the conventional wood-preservative treatment standard. Test results
confirmed that the flame-retardant-treated plywood test specimens exhibited a fire safety improvement of about 50% compared
with the untreated plywood test specimens. In addition, it was confirmed by scanning electron microscopy that a form of char
was generated on the surface of the flame-retardant-treated test specimen after combustion, and the results of the gas harmfulness
evaluation showed that the average behavior downtime in a laboratory rat was more than 7 min. The aim of this study is to develop
flame retardancy in wood and wood materials, for fire safety and to reduce human hazard in the future.
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Table 1. Composition Rate of Fire Retardant Chemical Compounds

Fire retardant Composition rate
. Formula
chemicals (wt. %)
Boric acid H;BO; 3
Borax decahydrate Na,B,07 3
Ammonium (NH.):CO g
Carbonate RS
Di-ammonium
(NH4)H,PO, 20
phosphate
Potassi
otassium K,COs 20
carbonate
Water H,O Used as solvent
2.2 A
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Phenol resin layer coating

Veneer lamination

Plywood production Cold & Hot pressing

Fig. 1. Process of Manufacturing Plywood Specimens

Step 1.
Vacuum 0.77 bar

Step 2.
Filled in the cylinder

Fig. 2. Process of Fire-retardant Treated Specimens
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. 3. Test Results of Plywood Specimens for Flame Retardant Performance

20.0 [KV] SP=16.0 WD =18.0 %300

(a) Untreated specimen

(b) FR treated specimen

Fig. 4. SEM Images of Specimens After Combustion Test
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Fig. 6. Average of Heat Release Rate for Plywood Specimens
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Specimens Carbonization area Carbonization length After-flaming time After-glowing time

(cm”) (cm) (s) (s)
Untreated Plywood 1 88.39 14.7 13.6 30.1
Untreated Plywood 2 85.59 14.2 13.7 27.3
Untreated Plywood 3 100.29 16.7 8.0 17.3
FR treated Plywood 1 31.98 8.5 2.7 6.2
FR treated Plywood 2 36.27 8.8 2.8 5.9
FR treated Plywood 3 29.61 8.5 2.5 5.9
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Fig. 7. Results of Heat Release Rate for Plywood Specimens
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Table 3. Test Results of Cone Calorimeter Test

Parameter Untreated Untreated Untreated FR treated FR treated FR treated

plywood 1 plywood 2 plywood 3 plywood 1 plywood 2 plywood 3
PHRR (kW/m?) 142.84 157.09 166.44 55.23 95.46 87.24
tPHRR (s) 81 78 88.00 115 102 101
THR (MJ/m?) 28.33 24.16 26.95 9.49 13.38 13.84
Effective heat of mean 10.62 9.87 10.57 5.78 6.54 6.79
combustion (MJ/kg) |  peak 14.28 13.36 24.64 8.29 10.62 10.24
Time to ignition (s) 29 34 37 74 71 59
Mass loss rate (%) 71.76 82.00 90.91 37.89 35.56 45.43
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