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Abstract

This study was to investigate the production of combustion toxic gases of pinus rigida specimens treated with pyrophosphoric
acid (PP)/4ammonuium ion (4NH,"), methylenepiperazinomethyl-bis-phosphonic acid (PIPEABP) and PIPEABP/4NH,". Each
pinus rigida plates was painted in three times with 15 wt% in the aqueous solution followed by drying the species at room
temperature. Emission of combustion toxic gases was examined by the cone calorimeter (ISO 5660-1). First-time to peak mass
loss rate (1st-TMLR pea) treated with chemicals was delayed upto 66.7~250.0% compared to those of untreated specimens.
For test pieces treated with the chemicals, the emission of peak carbon monoxide (CO pea) values of 0.0136~0.0178% and
peak carbon dioxide (CO2 peax) value of 0.04432~0.3648% were obtained, which were higher than those for the virgin plate.
In particular, oxygen emission is much higher than the level of 15% which can be fatal to humans. Therefore, the resulting
risk could be eliminated. However it is supposed that the combustion-toxicities were partially increased compared to those
of virgin plate.
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7} Oxygen (02)9] %13}zl HlaiA 2008 o4 o] Erha A5k
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Scheme 1. The Structure of Phosphorus (P) - nitrogen (N) additives.
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B Aol AR AFBE L 27|t AUFEA Al Ayt At
L& TUATE o] AFEL AA AY A 1 yr 5% AAAx =
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(PIPEABP) 2= A7} 7] 343t 71[13]2 AT, pyrophos-
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2.1.1. PP/ANH," 1 M=

Pyrophosphoric acid 21.40 g (0.120 mol)¥} F3}UTH 257 g
(0.480 mol)S 555~ 300 mLell 521 5 2 h F<F Aol A] RESA|A
AT T8 AXE olgslo] £ANE FHAFL

2.1.2. PIPEABP/4ANH," 3 M=

PIPEABP 16.5 g (0.06 mol)¥} Q33}eF s 12.84 g (0.24 mol)S ]l
Eh& 50 mL} 57 250 mLoll 5?1 ¥ 2 h 51t Aol WA A
A7 AAE ARk
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24 h E<F oA A AZAIZ ) oA 22 Y
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Table 1. Specification of Pinus Rigida Specimens Painted with 15 wt% Phosphorus-Nitrogen Additives in the Aqueous Solution

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

Table 2. Combustive Properties of Pinus Rigida Specimens Painted with 15 wt% Phosphorus-Nitrogen Additives in the Aqueous Solution at 25

KkW/m’ Extemal Heat Flux

Samples TMLR peax Ist (s) / 2nd (s) On peak Consump.b (g/s) /s CO peak (%) /' s CO peak (ppm) / s
Untreated 60 / 285 0.0098 / 285 0.0128 / 622 128 / 622
PP/NH;" 1 100 / 315 0.0111 / 355 0.0211 / 669 211 / 669
PIPEABP 2 210 / 420 0.0124 / 430 0.0186 / 747 186 / 747

PIPEABP/NH," 3 130 / 360 0.0138 / 375 0.0138 / 724 138 / 724

Samples COz peak (%) /s CO2 peak (ppm) / s CO/CO, O3 peak Production (%) / s
Untreated 0.3802 / 381 3802 / 381 0.033 20.5634 / 397
PP/NH4" 1 0.4276 / 411 4276 / 411 0.049 20.5009 / 415
PIPEABP 2 0.4730 / 505 4730 / 505 0.039 20.4335 / 515

PIPEABP/NH," 3 0.4886 / 460 4886 / 460 0.028 20.5217 / 405

. b .
*Time to peak mass loss rate; Oy peak consumption rate

2.3. 2ZZ2|0lE AIE

ALEA AL 1SO 5660-12] ®WH[14]9 )8 dual cone calo-
rimeter (Fire Testing Technology)E ©]43l9] & -%(heat flux) 25
kW/m® Z71ellA Saskodct. AME-g AlFR ] T2 10 mmEA] A
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2523 +£2 C, UEE 50 + 5%l o] & wizhA] f-A o
& 4FuE SYE ¥eFAS AT APl obA EslE e dFF
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of FE3Ien, F7IE 2 mingke] HoJE] FHAIREE F-osiel)
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MC (%) = ———— x 100 0

A Ax" g7k 2] A2 10.6 wi%o] 1o, Al
222 Pyrophosphoric acid (PP/4NH,", 1 Methylenepiperazinomet-
hyl-bis-phosphonic acid (PIPEABP), 2 Methylenepiperazinomethyl-bis-
phosphonic acid (PIPEABP)/4NH,", 39 thale] Ztz} 37.6, 42.8, 46.7
g0 S45I%ck

3. 21 & E

3.1. 2Z=2|0|E AIY

A7 B (mass loss rate, MLR)S 3FA71%50] thiate] 712l
ARZ ZTH16-18]. Table 2 2 Figure 1] YERH 2|7t} Ao
3}et A7AZ A= st A@dEe] iste] MLRS B[Rkl 3Tk 1
gt 12 FH AR AS EEAI T Ist-time to peak mass loss rate,
Ist-TMLR )l ThEFd (100~210) sZA F22] AlFH(60 s)ol ¥l
3107 (66.66~250.000%2] AAE Al YERNSITE X 22k 4=
22 g EDAI7H2nd-TMLR pea)®ll THELO (315~420) s2A] T4 2] A]
(285 s)oll HIBF] (10.52~47.36)%2] AAD A7+ VeRi it
o]ZZ A& EFIeh= H7HIE Ak Al didlE o] HPO.E st
o] &5eks} 2G| oeto] 1A L& AT o] £ kAol Eo
Pre Apdet, sddd ez T Sgidde] Ay ey
AEC] FAks abdsly] Wiz ofsjEtH11]. S HPOs2 E&
glHo] pottlZ-S A Ax F Afuks-e do7)= HefrlZ
i OHEHZS QP shAlY)E Z[12] 0% A et e 7 37t
A= A2 st APHS] MLR pea”t T3] AFHRL vlu]shA] 59k
o} o] AL W2 o] AFOE 3 AdFH T Tua[19]=A 23h
A2 o]o] X WAl HRRAXE} = l&ov_ Aoz olgeth
T ApAL] Fdel ofsk J¥E wRl AoR dE 5 glrh20].

ole]l tiate] MLR (m)< thardt 22 4 (3)°= Fojxt)21].
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Figure 1. Mass loss rate curves of pinus rigida specimens painted with
15 wt% phosphorus-nitrogen additives in the aqueous solution at 25
KW/m® extemal heat flux.
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Figure 2. Oxygen (0O,) consumption rate curves of pinus rigida
specimens painted with 15 wt% phosphorus-nitrogen additives in the
aqueous solution at 25 KW/m’ external heat flux.
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& A48 38490 Akt Zgste] WA} o] Foj X B0 RA,
A2t B2le 249 v Aot o Bol AQHE S on|gith
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Figure 3. CO emission (%) curves of pinus rigida specimens painted
with 15 wt% phosphorus-nitrogen additives in the aqueous solution at
25 KW/m’ extemal heat flux.
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Figure 4. CO, emission (%) curves of pinus rigida specimens painted
with 15 wt% phosphorus-nitrogen additives in the aqueous solution at

25 kW/m’® extemnal heat flux.
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Figure 5. O, emission (%) curves of pinus rigida specimens painted
with 15 wt% phosphorus-nitrogen additives in the aqueous solution at
25 KW/mi’ extemal heat flux.
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