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A Study on the Buming Rate of Fire Retardant Treated Wood

Hyung-Ju Park
Division of Fire Service Administration, Howon University
(Received October 4, 2007 / Accepted December 35, 2007)

Abstract : The purpose of this study was to examines the burning rate of fire retardant treated wood in the cone
heater with a one-dimensional integral model. The wood samples used in this study were four species. The species of
woods are Redwood, White oak, Douglas fir and Maple. Each sample was nominally 50mm thick and 100mm square.
Samples were exposed to a range of incident heat fluxes 10 to 35kW/m’ using the cone heater. A one~dimension in-
tegral model has been used to predict burning rate, heat of gasification, flame heat fluxes, charring rate and char
depth of samples. As a result measurement of mass loss rate, softwoods(Redwood and Douglas fir) has relatively low
value than those for hardwoods(White oak and Maple). Average charring rate of woods in case of fire retardant treat-
ment showed reduction effect of 41.29%, 50.00%, 48.18% and 60.82% for Redwood, Douglas fir, White fir and Maple,
respectively. Almost all the predictions from integral model showd faster charring than those measured. Average difference
between predictions and experimental data was 16%, 9.5% and 11.8% for N, F1 and F2 respectively. Water-soluble
fire retardant used in this study find out more effect in hardwood than softwood from the result of measurement of

mass loss rate and average charring rate.

Key Words : fire retardant treated wood, burning rate, charring rate, char fraction, char depth, cone heater
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Table 1, Compositions of water—soluble flame retardants

Composition(wt %)
F1 F2
Water 91.36 85.60
NaOH 1.20 2.00
(NH4)H,PO, 347 5.76
Na;B40; - 10H0 3.80 6.37
2Zn0; - B,0; - 3.5H,0 0.17 0.27
Total 100 100

Table 2, The average density and moisture content

Species Density(kg/m’) | Moisture content(%)

R-N 343 4.69

Redwood R-F1 351 4.83
R-F2 357 4.84

W-N 656 4.45

White oak W-F1 672 4.62
W-F2 728 4.65

D-N 472 4.52

Douglas fir | D-Fi 481 4.81
D-F2 473 4.77

M-N 511 4.35

Maple M-FI 513 4.57
M-F2 516 4.54

Note) R : Redwood, W : White oak, D : Douglas fir, M : Maple,
F* : Flame retardant treated
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Table 3. Measured average char fractions and density of

samples
Type
Heat N Fl 2
flux
2 Char Char Char
(kW/m’) Densn?f fraction Densnt?' fraction Densnty fraction

(gim) | O | Gegm) | T | Gegm) | )
10| 3196 0.530
151 3525 0.440 344.1 0.200 | 3699 | 0.260
R [20 | 3400 0.360 353.5 0.170 | 363.0 | 0.240
25| 347.1 0.420 358.7 0.280 | 3541 | 0.290
35| 3524 0.450 345.6 0.160 | 340.8 | 0.290
10| 6170 0.530
15| 6737 0.380 659.3 0.180 | 716.7 | 0.260
W 20| 6575 0.330 659.6 0.270 | 721.0 | 0.260
25| 6353 0.410 673.5 0.270 | 684.1 | 0.270
35| 6685 0.500 711.0 0.310 | 785.0 | 0.310
10 | 502.0 0.410
15| 4737 0.480 475.7 0.250 | 472.7 | 0.180
D |20 4959 0.510 483.0 0.330 | 470.7 | 0.250
25| 4670 0.570 486.4 0.350 | 478.7 | 0.290
35| 4480 0.570 476.7 0360 | 468.3 | 0.400

10 | 5146 | 0.530
15| 5313 | 0430 | 5135 | 0310 | 5174 | 0.240
M {20 | 5084 | 0470 | 5249 | 0300 | 5233 | 0320
251 5169 | 0.500 | 500.8 | 0320 | 5242 | 0.290
351 4913 | 0600 | 5124 | 0330 | 4914 | 0370

Note) R : Redwood, W : White oak, D : Douglas fir, M : Maple
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Table 4, Calculated flame heat fluxes from steady mass loss rate

Table 5. Calculated heats of gasification from steady mass

Type
. N F1 P2
Species
flame heat flux | flame heat flux | flame heat flux
(kW/m?) (kW/m?) (kW/m?)
R 23.85 45.66 45.02
w 9.75 38.69 22.49
D 32.04 42,04 64.00
M 30.55 38.76 49.95

Note) R : Redwood, W : White oak, D : Douglas fir, M : Maple

52

loss rate
Type
o N Fl F2

(kW/m?) gasification heat | gasification heat | gasification heat

(kV/g) (ki/g) (ki/g)

15 4.66 10.20 9.34

20 532 10.58 9.59

R 25 4.82 9.18 8.96

35 4.57 10.71 8.96

15 1.95 6.79 4.14

W 20 2.10 6.04 4.14

25 1.85 6.04 4.08

35 1.57 5.63 3.86

15 4.78 8.93 4.06

D 20 4.50 7.98 12.86

25 3.95 7.4 12.18

35 3.95 7.62 '10.29

15 3.61 8.19 8.68

20 335 8.31 7.77

M 25 3.16 8.07 8.1

35 2.53 7.95 7.20

Note) R : Redwood, W : White oak, D : Douglas fir, M : Maple
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Table 6. Average charring rate calculated using the mass
loss rate and char fraction

Type
. N Fl F2
Species
charring rate charring rate charring rate
{(mm/min) (mm/min) (mm/min)
R 132 0.76 0.79
w 1.10 0.60 0.54
D 129 0.66 0.63
M m 0.60 0.74
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