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Abstract
Cypress woods treated individually with boric acid (BA4), ammonium pentaborate (APB4), or BA4/APB4 additives were ex-

amined for combustion gases. Each of the specimens was painted with a 4 wt% solution of boron compounds three times.
Dried at room temperature, the combustion gas was analyzed using a cone calorimeter (ISO 5660-1). Consequently, the second
maximum oxygen consumption rate of the specimen treated with boron compounds was 0.1067 to 0.1246 g/s, which was
5.3 to 18.9%, respectively lower than that of the blank specimen. The specific extinction area of specimens treated with BA4
and APB4 was also 2.0 to 19.0% lower, respectively. However, treated with BA4/APB4 showed 21.2% higher than that of
the blank specimen. The maximum carbon monoxide concentration of the specimens with boron compounds was reduced by
0 to 25%. It was estimated to be 1.6 to 2.2 times higher than the permissible exposure limits by Occupational Safety and
Health Administration (OSHA), indicating a fatal toxicity. The boron compounds were effective in reducing carbon monoxide,
but didn’t meet the OSHA limit. The boron compound inhibited the burning behavior of the cypress wood, which suppressed
the second maximum oxygen consumption rate by 5.3 to 18.9% and the maximum carbon monoxide generation by 0 to 25%.
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Table 1. Specification of Cypress Specimens Painted with 4 wt% Solutions of Boron Compounds

Samples (Cypress)

Initial mass (g)

Untreated specimen 38.83

4 wt% Boric acid (BA4) 38.95

4 wt% Ammonium pentaborate (APB4) 38.95

4 wt% Boric acid : 4 wt% Ammonium pentaborate (BA4/APB4) 39.00

Table 2. Combustion Properties of Cypress Specimens Painted with 4 wt% Solutions of Boron Compounds During Cone Calorimeter Test

02 napeak Consump. (g/s)/

bRSR Ist-peak (mZ/ S - mZ)/

COpeak (ppm)/ CO2 2ng-peak (PPm)/

Samples at time (s) at time (s) at time (s) at time (s)
Untreated 0.1316/275 2.9036/15 110/423 4553/294
BA4 0.1246/275 2.8181/20 82/658 4377/277
APB4 0.1067/300 3.2579/20 111/862 3969/293
BA4/APB4 0.1081/295 2.9337/25 72/496 3971/296
Samples ‘SEA (m’/kg) CO/CO, Onpear Depletion (%)/at time (s)
Untreated 100.561 0.0241 20.472 / 33
BA4 98.541 0.0187 20.459 / 34
APB4 81.364 0.0280 20.480 / 34
BA4/APB4 121.874 0.0234 20.413 / 34

%0, 2nd peak consumption rate; PRate of Smoke release; “Specific Extinction Area.
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Figure 1. Oxygen (O,) consumption rate curves of cypress specimens
painted with 4 wt% solutions of boron compounds during cone
calorimeter test.
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Figure 2. Rate of Smoke release (m%s + m’) curves of cypress
specimens painted with 4 wt% solutions of boron compounds during
cone calorimeter test.
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Figure 3. CO concentration (ppm) curves of cypress specimens
painted with 4 wt% solutions of boron compounds during cone
calorimeter test.
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Figure 4. Emission concentration (ppm) curves of CO, from cypress
specimens painted with 4 wt% solutions of boron compounds during
cone calorimeter test.
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Figure 5. O, depletion (%) curves of cypress specimens painted with
4 wt% solutions of boron compounds during cone calorimeter test.
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