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ABSTRACT

We tested the char characteristics of fire retardant treated Douglas fir at each of five constant exter-
nal irradiance levels (10, 15, 20, 25, and 35 kW/m®). A Cone heater was used to expose the wood
specimens to the heat flux. The size of specimens is 100- by 100- by 50- mm and the kinds of spec-
imens are non-treated wood(N) and treated wood(F2 and F4) by water soluble fire retardants. The
water-soluble fire retardants were made from mixture of aqueous solutions of monoammonium phos-
phate, sodium borate and zinc borate, and those are used for immersion of Douglas fir. In result of
test, char fraction of fire retardant treated Douglas fir showed a considerably low char fraction than
it of non-treated wood irrespective of increase of external heat flux. And char fractions has low levels
with increase of fire retardant content. Burning rate of non-treated wood(N) was showed a relatively
high burning rate than it of fire retardant treated wood(F2 and F4). And difference of burning rate
shown more rapidly in high external irradiance than low external irradiance. When the external heat
flux is 35 kW/m?, average char rate of non-treated wood is rapidly about twice than fire retardant
treated wood. Water-soluble fire retardants mixed in this study find out it has fire suppression and
adiabatic effect by char layer from results of char fraction, burning rate, and char depth and rate.

Keywords : Douglas fir, Fire retardant, Cone-heater, Char fraction, Burning rate, Char depth, Char rate, Heat
flux
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Fig. 1. Normal combustion of wood resulting in progressive
formation of char and pyrolysis zones.”
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Fig. 2. A schematic of the form of a wood sample of pre-
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Table 1. Compositions of water-soluble flame retardants

Composition(wt %)
FI | F2 | F3 | F4
Water 9427 | 91.36 | 88.47 |.85.60
NaOH 080 | 120 | 160 200
NH.H,PO, 230 | 347 460 | 576
Na,B.0; - 10H,0 253 | 380 510 637
525’;20 3B,0; - 010 | 017 ] 023 027
Total 100 | 100 | 100 | 100

Table 2. The average density and moisture content

Species Densigy Moisture
(kg/m’) content (%)
D-N 472 4.52
Douglas fir D-F2 481 4.81
D-F4 473 411
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2.2.1 Cone heater & 252323
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ASTM E 1354 6.23(Conical heater)# 6.38H(Tem-
perature controller)S Y53 Cone type2] heater$} <
T 2EAAXNE ARstd ARSI

2.2.2 Heat flux sensor

Cone heater2HE WZEHE Heat fluxg 243517)
93] Medtherm A}¢] Digital heat flux meter (Model
5H203-DR1)3} Heat flux sensor(ZAH 9} : 0~100 kW/
m?)E AHEE%T) Heat flux sensor®] 91X+ Cone
heater®] SHFZHE 2.54 cm(l inch)E &S 2AAX] )
2]3] Cone heater’} AA Lo =& & 305 o4 <
39 Fig. 3 ¥ AFdlA A% Cone

& 27

Fig. 3. A photograph of cone heater and heat flux sensor.
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Fig. 4. Measured average char fractions vs incident heat
flux for Douglas fir.
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Table 3. Measured average char fractions and density of samples

Heat flux N(non-treated) F2(treated) FA(treated)
kW/md) Density Char fraction Density Char fraction Density Char fraction
(kg/m’) =) (kg/m’) =) (kg/m®) )
10 502 041 - - - -
15 474 0.48 476 0.25 473 0.18
20 496 051 483 0.33 471 025
25 467 0.57 486 035 479 0.29
35 448 057 477 0.40 468 0.36
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Table 4. Measured steady mass loss rate of samples

Heat flux Steady mass loss rate (g/m’s)
(kW/m?) IN(non-treated)) F2(treated) | FA(treated)
10 2.62 - -
15 3.87 343 3.56
20 471 4.16 391
25 5.65 4.60 442
35 6.47 5.27 5.34
50 7.16 6.52 5.50
10
[ ]
[}
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Fig. 5. Measured steady mass loss rate vs incident heat flux
for Douglas fir.
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Fig. 6. Calculated Char depth vs incident heat flux for

Douglas fir.
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Fig. 7. Calculated Char rate vs incident heat flux for
Douglas fir.
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