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ABSTRACT

This study was performed to test the combustive properties of Pinus rigida plates treated with piperazinomethyl-bis-
phosphonic acid (PIPEABP), methylpiperazinomethyl-bis-phosphonic acid (MPIPEABP), and N,N-dimethylethylenedi-
aminomethyl-bis-phosphonic acid (MDEDAP). Pinus rigida specimens were painted in three times with 15 wt% akylene-
diaminoalkyl-bis-phosphonic acid solutions at the room temperature. After drying specimen treated with chemicals,
combustive properties were examined by the cone calorimeter (1SO 5660-1). As a result, the combustion-retardation prop-
erties were increased by due to the treated alkylenediaminoalkyl-bis-phosphonic acid solutios in the virgin Pinus rigida.
Especially, the specimens treated with chemicals showed both the later time to ignition (TTI) (148-116 s) and longer time
to flameout (Tf) (633-529 s) than those of virgin plate by reducing the burnig rate. Compared with virgin pinus rigida
plate, the specimens treated with the alkylenediaminoalkyl-bis-phosphonic acids showed partialy low combustive proper-
ties. However the specimens treated with PIPEABP showed both the higher peak heat release rate (PHRR) (187.56 kW/
m?) and higher total heat release rate (THRR) (75.7 MJm?) than those of virgin plate.

Keywords: Alkylenediaminoalkyl-bis-phosphonic acids, Time to ignition (TTI), Total heat released rate (THRR), Pesk
hesat release rate (PHRR)
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Scheme 1. Alkylenediaminoalkyl-bis-phosphonic acid deriva
tives.
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Scheme 2. Bis-(diakylaminoalkyl) phosphonic acid.
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Table 1. Specification of Pinus rigida Specimens Painted
with 15wt% Alkylenediaminoalkyl-Bis-Phosphonic Acids and
Bis-(Dimethylaminomethyl) Phosphinic Acid Solutions

Samples MC (%) Mass (g)
Untresated 10.6 32.6
PIPEABP, 1 - 358
MPIPEABR, 2 - 36.5
MDEDAP, 3 - 37.2
DMDAR, 4 - 35.8
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Table 2. Combustive Properties of Pinus Rigida Specimens
Painted with 15wt% Alkylenediaminoalkyl-Bis-Phosphonic
Acids and Bis-(Dimethylaminomethyl) Phosphinic Acid Solu-
tions at 25 kW/m? External Heat Flux

Samples TTI? | MLRmeen HRRCmeZan HRR“pezak
© @ | (kwmd) | (kwimd)
Untreated 65 0.017 3752 | 170.34
PIPEABP 148 0.024 4274 | 18756
MPIPEABP| 124 0.018 2934 | 17052
DMEDAP | 116 0.018 37.83 | 156.79
DMDAP 37 0.019 3946 | 154.20
Samples PHRR THRF\’; EHC Tf
Time(s) | (MIm®) | (MJIkg) (9
Untreated 300 67.7 18.92 459
PIPEABP 430 75.7 15.60 633
MPIPEABP| 315 535 14.54 529
DMEDAP | 370 67.5 18.30 532
DMDAP 280 711 18.26 449

%ime to ignition; "mass loss rate; “mean heat release rate;
9peok heat release rate; total heat release rate; 'effective heat
of combustion; %time to flameout
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Figure 1. Hesat release rate curves of Pinus rigida specimens
painted with 15wt% akylenediaminoalkyl-bis-phosphonic acids
and bis-(dimethylaminomethyl) phosphinic acid solutions at
25 kw/m? external heat flux.
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Figure 2. Mass loss rate curves of Pinus rigida specimens
painted with 15wt% akylenediaminoalkyl-bis-phosphonic acids
and bis-(dimethylaminomethyl) phosphinic acid solutions at
25 kw/m? external heat flux.
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Figure 3. Tota heat released rate curves of Pinus rigida
specimens painted with 15wt% akylenediaminoalkyl-bis-
phosphonic acids and bis-(dimethylaminomethyl) phosphinic
acid solutions at 25 kW/m” external heat flux.
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