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ABSTRACT

This study was performed to test the combustive properties of Pinus rigida plates treated with bis-(dimethylaminome-
thyl) phosphinic acid (DMDAP), bis-(diethylaminomethyl) phosphinic acid (DEDAP), and bis-(dibuthylaminomethyl)
phosphinic acid (DBDAP). Pinus rigida specimens were painted in three times with 15wt% bis-(dialkylaminoalkyl) phos-
phinic acid solutions at the room temperature. After drying specimen treated with chemicals, combustive properties were
examined by the cone calorimeter (1SO 5660-1). It is supposed that the combustion-retardation properties were improved
by the partial due to the treated bis-(dialkylaminoalkyl) phosphinic acids in the virgin Pinus rigida. Especially, the speci-
mens treated with chemicals showed both the lower total smoke release rate (TSRR) (16.94~18.92 m%m?) and lower
CO2mean Production (1.98~2.09 kg/kg) than those of virgin plate. However the specimens treated with chemicas showed
both the higher peak mass loss rate (PMLR) (0.1250~0.1297 g/s) and higher 1st-smoke production rate (SPR)
(0.0153~0.0167 g/s) than those of virgin plate. Compared with virgin Pinus rigida plate, the specimens treated with the
bis-dialkylamimoalkyl phosphinic acids showed partially low combustive properties.
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Scheme 1. Bis-(dialkylaminoalkyl) phosphinic acid derivatives.
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Table 1. Specification of Pinus rigida Plates Painted with
15 wit% Bis-(dialkylaminoalkyl) Phosphinic Acid Solutions

Samples MC(%) Mass (g)
Untrested 10.6 32.6
DMDAR, 1 - 35.8
DEDAP, 2 - 36.5
DBDAP, 3 - 37.2

Zgk AgHe FA= 747 3589, 3659, 37.2g°%

3. 24 # &

3.1 2220l Al

A7 58 (mass loss rate, MLR)S 31171550l thale] 3
719 Arg 0P, Taple 20 VR 2]7]th 2]
DMDAR DEDAP, DBDAP7}F A 2] Al H A MLRyc™
Z}z} 0.1250 g/s (at 280), 0.1254 g/s (at 2759), 0.1297
g/s (at 27590 2A] FA 2|3k A¥H(0.1100 g/s a 28559)
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AadA Bt 71l PIAA] Kol Ao diE F
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2 Foln®,
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EHCO. 2 AT
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Table 2 2 Figure 19] 7] 1-HRRpeic> H|2=-T]¢Zo}
n=gbd 24 M Al Aol tiste] 22 DMDAP
(116.96 kW/m® at 55<), DEDAP (112.04 kW/m’ at 655),

Table 2. Combustive Properties of Pinus Rigida Plates Painted with 15 wt% Bis-(dialkylaminoalkyl) Phosphinic Acid Solutions

a 25 kW/m? External Heat Flux

Samples MLR e (0/9) 1t-HRR e (KW/M?) | 2nd-HRR e (KW/m?) | EHCyec (MIKG) | COpean (kg/kg)
Untreated 0.1100 133.75 170.34 54.73 0.0641
DMDAP 0.1250 116.90 154.20 4757 0.0770
DEDAP 0.1254 112.04 178.86 50.82 0.0719
DBDAP 0.1297 102.85 186.06 74.64 0.0785
Samples COsmeen (kg/kg) COICO, TSRR? (m%/m?) 1st-SPR® (g/9) 2nd-SPR (g/s)
Untreated 2.24 0.0286 18.92 0.0137 0.0129
DMDAP 2.09 0.0368 18.26 0.0153 0.0149
DEDAP 1.99 0.0361 15.20 0.0237 0.0080
DBDAP 1.98 0.0396 16.94 0.0167 0.0258

®peak mass loss rate; bpeak heat release rate; “peak effective heat of combustion; Y%otal smoke release rate; °smoke production

rate.
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Figure 1. Heat release rate curves of Pinus rigida plates
painted with 15 wt% bis-(dialkylaminoakyl) phosphinic acid
solutions at 25 kW/m?’ external heat flux.
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Figure 2. CO production rate curves of Pinus rigida plates
painted with 15 wt% bis-(diakylaminoalkyl) phosphinic acid
solutions at 25 kW/m” external heat flux.

0.0719~0.0785 kgkg 224 FA 23 A1FHE] COpen
Y F(0.0641 kg/kg)ell Hlske] =] RSt B o] Aol
thate] ALAIZE SHoA A Figure 2004 HojF
uke} o] Alg¥ el 28l COpac= DMDAP (0.047 g/s
at 520s), DEDAP (0.047 a 460s), DBDAP (0.0690 at
470 )7} F-x2] 218 ¥ (0.0028 at 545 9)°l| Hsle] F2%k
COpeak HAEEE BT} o] Q1S T{eh v &=TY
Zotu| =g x2ysto] AXAld] CO2 Ao = U]
ol o= Fxo] E4S vefll= 202 ddE o7t
COmeen AL 94 A H MLR oy 78] A3
A}3k3itt. DMDAP, DEDAP, DBDAP7}F 2|2 ® A& Hoj
tisted, zH2F 2.09 kg/kg, 1.99 kg/kg, 1.98 kg/kge- = =4
HAow T s AP COuen LA (2.24 kglkg)
o Hlated HaA WA UElsth E CO, BAEE S
oA &3P Figure 3ol|A] HolE vel 7do] AJg ¥
2hsl & v|agdon| g 229 2] AgHe]

1-COspec  'HA4 == DMDAP (0.1076¢g/s a 505),

02

Untreated

0.18 A

0.16 A

0.14 1

012 A

01 1

0.08 A

C0O; Production Rate (g/s)

006 -

0.04 1

0 100 200 300 400 500 600 700 800

Time (sec)
Figure 3. CO, production rate curves of Pinus rigida plates
painted with 15 wt% bis-(diakylaminoalkyl) phosphinic acid
solutions at 25 kw/m? external heat flux.
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