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ABSTRACT

This study was performed to test the combustive properties of Pinus rigida specimens treated with phosphorus (P) and
nitrogen (N) additives. Each Pinus rigida specimen was painted three times with 15 wt% P-N additive solutions at room
temperature. After drying the treated specimens, the combustion properties were examined using a cone calorimeter (ISO
5660-1). The time to ignition (TTI) for the treated specimens was 90 to 148 s except for the specimen treated with PP/
4NHjy, and the time to flameout (TF) was 556 to 633 s, which was longer than that of virgin plate. While the The speci-
mens treated with P-N additives showed 12.5 to 43.4% higher mean heat release rate (HRR ,,cn) and 11.8 to 43.1% higher
total heat release (THR) than virgin plate. The effective heat of combustion (EHC) was by 2.9 to 17.5% lower than that of
virgin plate. It can thus be concluded that the combustion-retardation properties were partially improved compared to
those of virgin plate.

Keywords : Phosphorus (P)-Nitrogen (N) Additive, Time to Ignition (TTI), Time to Flameout (Tf), Heat Release Rate
(HRR ean), Effective Heat of Combustion (EHC)
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Scheme 1. The molecular structure of phosphorus (P) - nitro-
gen (N) additives.
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Table 1. The Chemical and Physical Properties of Com-
pounds

Properties Pyrophosphoric acd | PIPEABP
Melting point (°C) 61 -
Boiling point (°C) Not available -
Toxicity (mg/kg, mouse) 1,170 -
I\g%CIS 1(8%%-)2 (2007) i 0.319%
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Table 2. Specification of Pinus rigida Specimens Painted with 15 wt% Phosphorus-Nitrogen Additives Solutions

Samples (Pinus rigida) Mass (g) | Chemical content (g)
Untreated specimen 31.54 -
Pyrophosphoric acid / ammonium ion (PP/4NH;), 1 38.40 1.99
Methylenepiperazinomethyl-bis-phosphonic acid (PIPEABP), 2 46.26 1.94
Methylenepiperazinomethyl-bis-phosphonic acid / ammonium ion (PIPEABP) / 4NHy, 3 48.40 2.07

Table 3. Combustive Properties of Pinus rigida Specimens Painted with 15 wt% Phosphorus-Nitrogen Additive Solutions at 25

kW/m® External Heat Flux

Samples (Pinus rigida) TTI (s) MLR e (¢/s) | HRR e (kKW/m) HRdeeak (kW/m®) | PHRR Time (s)
Untreated 65 0.017 37.52 170.34 153
PP/4NH; 56 0.021 4222 172.55 347
PIPEABP 148 0.024 42.74 195.57 437
PIPEABP/4NH; 90 0.026 53.82 207.54 378
Samples (Pinus rigida) | THRR® (MJ/m°) | EHC' (MJ/kg) TF® (g) FBT" (s)

Untreated 67.7 18.92 459 394

PP/4NH; 76.0 17.95 599 543

PIPEABP 75.7 15.60 633 485

PIPEABP/4NH; 96.9 18.37 556 466

*Time to ignition; "mass loss rate; ‘heat release rate; dpeak heat release rate; ‘total heat release rate; Teffective heat of combustion;

ftime to flameout, "flame burning time.
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Figure 1. Heat release rate curves of Pinus rigida specimens
painted with 15 wt% Phosphorus-Nitrogen Additive solu-
tions at 25 kW/m” external heat flux.
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Figure 2. Mass loss rate curves of Pinus rigida specimens
painted with 15 wt% Phosphorus-Nitrogen Additive solu-
tions at 25 kW/m” external heat flux.
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Figure 3. Effective heat rate curves of Pinus rigida speci-
mens painted with 15 wt% Phosphorus-Nitrogen Additive
solutions at 25 kW/m” external heat flux.
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Figure 4. Total heat released rate curves of Pinus rigida
specimens painted with 15 wt% Phosphorus-Nitrogen Addi-
tive solutions at 25 kW/m” external heat flux.
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Figure 5. Residues after combustion of Pinus rigida speci-
mens painted with Phosphorus-Nitrogen Additive solutions at
25 kW/m” external heat flux.
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