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Abstract

This study was to investigate the characteristics of combustion toxic gases of pinus rigida specimens treated with chemical
additives such as pyrophosphoric acid (PP)/ammonuium ion (NH4), methylenepiperazinomethyl-bis-phosphonic acid
(PIPEABP) and PIPEABP/NH,". Each pinus rigida plates was painted in three times with 15 wt% of each chemical additives
in the aqueous solution. After drying these specimens at room temperature, the production of combustion gases and smoke
was examined by the cone calorimeter (ISO 5660-1). As a result, the peak mass loss rate time (PMLR time) treated with
chemicals was delayed upto 10.5~47.4% compared to that of using untreated specimen. In addition, the peak production of
carbon monoxide (CO pear) of 32.1~71.4% and total smoke release rate (TSRR) of 15.6~43.6% for test pieces treated with
the chemical additive were higher than that of using the virgin plate. In particular, for the specimens treated with the chemical
additive, the rate of smoke release (RSR) 29.4~41.5% was obtained higher than that of untreated plate except the specimen
treated with PP/4ANH,". It can thus be concluded that the treatment using the chemical additive could partially increase the
combustion-retardation properties of the species when compared to those of the virgin plate.

Keywords: Methylenepiperazinomethyl-bis-phosphonic acid (PIPEABP), total smoke release rate (TSRR), rate of smoke
release (RSR), CO peax production
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Scheme 1. The structure of phosphorus (P)-nitrogen (N) compounds in
combination.
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Table 1. The Chemical and Physical Properties of Compounds

Properties Pyrophosphoric acid PIPEABP
Melting point (C) 61 -
Boiling point (C) Not available -

Toxicity

(LDso, mg/kg, mouse) L170 )
VOCs (/L) - 0.319[14]

ISO 11890-2 (2007)

enepiperazinomethyl-bis-phosphonic acid (PIPEABP)/4NH," 3[15],
methylenepiperazinomethyl-bis-phosphonic acid (PIPEABP) 2[16]:= 7|
st A& A8 AL, pyrophosphoric acid (PP, 93%)[17] 2 71E}
AlF Junsei AFE0] SAlokE Trdske] A Qo] 1t ARg-st
Atk H7Ale] 712 AR Table 19 AXEFITh
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Table 2. Specification of Pinus Rigida Specimens Painted with 15 wt% Phosphorus-nitrogen Additives in the Aqueous Solution

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

Table 3. Combustion Properties of Pinus Pigida Specimens Painted with 15 wt% Phosphorus-nitrogen Compounds in Combination in the Aqueous

Solution at 25 kW/m® External Heat Flux

Samples *PMLR time ®1st-PHRR time 2nd-PHRR time CO mean °CO peak (g/5)/

(s) (s) (s) (kg/kg) at time(s)
Untreated 285 100 153 0.0641 0.0028/535
PP/4NH;" 1 315 90 347 0.0902 0.0048/580
PIPEABP 2 420 160 437 0.0765 0.0042/675
PIPEABP/4NH,” 3 360 115 378 0.0568 0.0037/595

Samples 'CO2 mean $COs peak  (g/5)/ "TSRR "Ist-SPR (m®/s)/ 2nd-SPR (m’/s)/
(kg/ke) at time(s) (mz/mz) at time(s) at time(s)
Untreated 224 0.1332/285 315 0.0137/75 0.0129/315
PP/4NH, 1 1.85 0.1445/330 37.6 0.0122/70 0.0077/360
PIPEABP 2 1.84 0.1563/420 428 0.0124/130 0.0183/435
PIPEABP/4NH," 3 1.82 0.1824/370 46.7 0.0083/115 0.0167/415

"peak mass loss rate; bﬁrst»peak heat release rate; “second-peak heat release rate; mean production of carbon monoxide; ‘peak production rate of carbon monoxide;

‘mean production of carbon dioxide; peak production rate of carbon dioxide; "total smoke release rate; 'first-smoke production rate; isecond-smoke production rate
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Figure 1. Heat release rate curves of pinus rigida specimens painted
with 15 wt% phosphorus-nitrogen compounds in combination in the
aqueous solution at 25 KW/m’ external heat flux.
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Figure 2. CO production rate curves of pinus rigida specimens painted

with 15 wt% phosphorus-nitrogen compounds in combination in the

aqueous solution at 25 KW/m’ extemal heat flux.
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Figure 3. CO, production rate curves of pinus rigida specimens
painted with 15 wt% phosphorus-nitrogen compounds in combination
in the aqueous solution at 25 KW/m® extemal heat flux.
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Figure 4. SPR curves of pinus rigida specimens painted with 15 wt%
phosphorus-nitrogen compounds in combination in the aqueous
solution at 25 kW/m’ extemal heat flux.
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Figure 5. RSR curves of pinus rigida specimens painted with 15 wt%
phosphorus-nitrogen compounds in combination in the aqueous
solution at 25 kW/m’ extemal heat flux.
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