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ABSTRACT

In this study, boron/silicon sol compounds were applied to wood for construction and durable materials, and fire risks
were investigated in terms of smoke performance index (SPI), smoke growth index (SGI), and smoke intensity (SI). The
compound was synthesized by reacting tetracthoxyorthosilicate with boric acid and boronic acid derivatives. Smoke
characteristics were investigated using a cone calorimeter (ISO 5660-1) equipment for cypress wood. The fire intensity fixed
the external heat flux at 50 kW/m’. The smoke performance index measured after the combustion reaction increased
between 13.4% and 126.7% compared with cypress wood. The fire risk due to the smoke performance index decreased in
the order of cypress, phenylboronic acid/silicon sol (PBA/Si), (2-methylpropyl) boronic acid/silicon sol (IBBA/Si), boric
acid/silicon sol (BA/Si). The smoke growth index decreased between 12.0% and 57.5% compared to the base specimen. The
risk of fire caused by the smoke growth index decreased in the order of cypress, PBA/Si, IBBA/Si, BA/Si. The fire risk
due to smoke intensity decreased between 3.2% and 57.8%, and in the order of cypress, PBA/Si, IBBA/Si, BA/Si. COpeax
concentrations ranged between 85 and 93 ppm, and decreased between 37% and 43% compared to the base specimen. A
comprehensive assessment of the fire risk on smoke hazards decreased in the order of cypress, PBA/Si, IBBA/Si, BA/Si.

Keywords : Smoke production rate, Smoke performance index (SPI), Smoke growth index (SGI), Smoke intensity (SI),
Borony/silicon sol
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Figure 1. The chemical structure of boron derivatives.

Table 1. Specification of Cypress Wood Coated with Boron/Silicon Sol Compounds
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(2-methylpropyl) Boronic acid

B Ba)e] A7)5a Bt 3

OH

Phenylboronic acid

(31)

Materials (Cypress) Initial Mass (g)
Uncoated Specimen 41.80
Boric Acid/Tetraethoxyorthosilicate Sol (BA/Si) 44.35
(2-methylpropyl)boronic acid/Tetraethoxyorthosilicate Sol (IBBA/Si) 45.25
Penylboronic Acid/Tetracthoxyorthosilicate Sol (PBA/Si) 45.05
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Table 2. Experimental Condition for Cone Calorimeter Test®"

Contents ISO 5660-1
Sample Size (mm) 100 x 100 x 10
External Heat Flux (kW/m?) 50
Orientation Horizontal Face Upwards
Test Time (s) 1800
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Table 3. Combustion Properties of Cypress Wood Coated with Boron/Silicon Sol Compounds

Materials TTE (8) SPRlst_l?mkb SPRQHd:peak MARHEC
(Cypress) (g/s) at time (s) (g/s) at time (s) (kW/m")
Uncoated 7 0.0261/15 0.0202/290 128.28
BA/Si 9 0.0148/20 0.0160/355 111.13
IBBA/Si 7 0.0196/20 0.0155/320 126.40
PBA/Si 7 0.0230/15 0.0199/325 129.32
O SEA' (k) | COm (M) | COa Gom) | COCOL | ot
Uncoated 100.56 148 3994 0.037 20.529
BA/Si 49.02 85 4142 0.021 20.510
IBBA/Si 80.75 93 4750 0.020 20.458
PBA/Si 96.45 90 4955 0.018 20.460

*Time to ignition; "1st-peak smoke production rate; “Maximum average rate of heat emission; “Specific extinction area
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Figure 2. Smoke production rate (m%s) curves of cypress wood coated with boron/silicon sol compounds.
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Figure 3. Smoke performance index of cypress wood coated with boron/silicon sol compounds.
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Figure 4. Smoke growth index of cypress wood coated with boron/silicon sol compounds.
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Figure 5. Smoke intensity of cypress wood coated with boron/silicon sol compounds.
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