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Abstract

Experiments on combustion gases generation of untreated cypress specimens or treated with boric acid, ammonium pentaborate,
and boric acid/ammonium pentaborate additive were carried out. Test specimens were painted three times with 15 wt% boron
compound aqueous solutions. After drying, the generation of combustion gas was analyzed using a cone calorimeter (ISO
5660-1). As a result, comparing to untreated specimen, the smoke performance index (SPI) of the specimens treated with the
boron compound increased by 1.37 to 2.68 times and the smoke growth index (SGI) decreased by 29.4 to 52.9%. The smoke
intensity (SI) of the specimens treated with boron compounds is expected to be 1.16 to 3.92 times lower than that of untreated
specimens, resulting in lower smoke and fire hazards. Also, the maximum carbon monoxide (COye) concentration of specimens
treated with boron compounds was 12.7 to 30.9% lower than that of untreated specimens. However, it was measured to produce
fatal toxicities from 1.52 to 1.92 times higher than that of permissible exposure limits (PEL) by Occupational Safety and Health
Administration (OSHA). The boron compounds played a role in reducing carbon monoxide, but it did not meet the expectation
of reduction effect because of the high concentration of carbon monoxide in cypress itself.

Keywords: Boron compounds, Smoke performance index (SPI), Smoke growth index (SGI), Smoke intensity (SI), Carbon

monoxide
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Figure 1. Schematic diagram of cone calorimeter equipment|[17].
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Table 1. Specification of Cypress Specimens Painted with 15 wt%
Boron Compounds Solutions

Samples (Cypress) Initial mass (g)

Uncoated specimen 38.83

15 wt% Boric acid (BA15), 1 39.61

15 wt% Ammonium pentaborate (APB15), 2 39.05

15 wt% Boric acid : 15 wt% Ammonium pentaborate 40.15

(BA1S/APBIS), 3
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Table 2. Combustion Properties of Cypress Specimens Painted with 15 wt% Solutions of Boron Compounds During Cone Calorimeter Test

a
02 2nd-peak

bSPR 1st-peak (mZ/S)

SP R 2nd-peak (mZ/ S)

Samples Consump. (g/s) at time (s) at time (s) at time (s) "SEA (m'/kg)
Untreated 0.1316 at 275 0.0257 at 15 0.0206 at 290 100.561
BAI1S 0.1169 at 265 0.0208 at 20 0.0165 at 300 52.506
APBI15 0.1016 at 305 0.0249 at 20 0.0165 at 310 29.019
BA15/APBI15 0.1257 at 280 0.0208 at 25 0.0190 at 300 94.471
Samples COpeak (ppm) at time (s) CO; 2ngpeak (ppm) at time (s) CO/CO, Ozpeax Depletion (%) at time (s)
Untreated 111 at 418 4553 at 294 0.024 20.472 at 33
BAI5 96 at 500 4302 at 271 0.022 20.394 at 31
APBI15 93 at 530 3762 at 305 0.022 20.384 at 33
BA15/APB15 76 at 418 4758 at 276 0.015 20.371 at 36

0, 2nd peak consumption rate; ®Smoke Production Rate; “Specific Extinction Area.
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Figure 2. Oxygen (O,) consumption rate curves of cypress specimens
painted with 15 wt% solutions of boron compounds during cone
calorimeter test.
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Table 3. Smoke Performance Index of Cypress Specimens Painted with 15 wt% Boron Compounds Solutions During Cone Calorimeter Test

Materials TTI (s) SPRyeak (m’/s) SPI (s*/m?)
Uncoated 6 0.0257 233.4
BAI5 8 0.0208 384.6
APBI5 8 0.0249 321.2
BA15/APB15 13 0.0208 625.0

Table 4. Smoke Growth Index at 50 kW/m’ External Heat Flux

Samples SPRycac (m*/s) Time to SPRpcuk (S) SGI (m?/s?)
Uncoated 0.0257 15 0.0017
BA15 0.0208 20 0.0010
APBI15 0.0249 20 0.0012
BA15/APB15 0.0208 25 0.0008
Table 5. Smoke Intensity at 50 kW/m® External Heat Flux
Samples MARHE e (KW/m?) SEA (m*/kg) SI (MW/kg)
Uncoated 141.6 100.561 14.239
BAI15 1334 52.506 7.004
APBI15 125.1 29.019 3.630
BA15/APBI15 129.3 94.472 12.215
0.035 120
Ucoated Uncoated
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Figure 3. The smoke production rate (m%s) curves of cypress
specimens painted with 15 wt% solutions of boron compounds during
cone calorimeter test.
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Figure 4. CO concentration (ppm) curves of cypress specimens
painted with 15 wt% solutions of boron compounds during cone
calorimeter test.
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