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ABSTRACT

Experiments on the combustion characteristics of untreated wood specimens and those treated with four types of silicone
compounds were carried out using a cone calorimeter according to the ISO 5660-1 standard. 3-Aminopropyltrimethoxysilane
(APTMS), 3-(2-aminoethylamino) propylmethyldimethoxysilane (AEAPMDMS), and 3-(2-aminoethylamino) propyltrimethoxysilane
(AEAPTMS) were used as the silane compounds. The flame retardants were synthesized with sodium silicate and amino
silane compounds. The measured time to ignition after combustion at an external heat flux of 50 kW/m® was 9 s to 11 s.
Time to ignition was marked with a delayed value in the 3 s to 5 s range. The peak heat release rate (HRRea) Was reduced
by 5 to 20% compared with the uncoated specimen, and AEAPMDMS showed the highest initial fire risk. The total heat
release (THR) was decreased by 1 to 22%. Compared to the untreated specimen, the fire performance index (FPI) of the
specimens coated with silicone sol compounds increased by 1.5 to 2.2 fold. The fire growth index (FGI) of the
AEAPMDMS specimen was increased by 30% and the others were decreased by 93 to 94%. Therefore, the fire risk of
wood coated with silicone compounds was improved in terms of the heat risk properties.
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Figure 1. The photograph of cone calorimeter equipment.

Table 1. Experiments Conditions for Cone Calorimeter Test

ISO 5660-1
Sample Size (mm) 100 x 100 x 10
External Heat Flux (kW/m?) 50

Orientation

Contents

Horizontal Face Upwards
Test Time (s) 1800
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Figure 2. The chemical structure of aminosilane compounds.
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Table 2. Specification of Cypress Specimens Coated with Silicone Sol Compounds

Materials (Cypress)

Initial Mass (g)

Uncoated Specimen
Sodium Silicate (SS), 1
3-aminopropyltrimethoxysilane (APTMS) sol, 2

N-2-(aminoethtyl)-3-aminopropylmethyldimethoxy silane (AEAPMDMS) sol, 3
N-2-(aminoethtyl)-3-aminopropyltrimethoxy silane (AEAPTMS) sol, 4

38.83
40.57
44.87
44.07
45.00

Table 3. Combustion Properties of Cypress Specimens Coated with Silicone Sol Compounds

Materials (Cypress) TTE (s) Meass lost (g) MLR,,eakb (g/s) Time to MLR,,eakb (s)
Uncoated 6 38.83 0.1367 20
SS 11 38.60 0.1293 270
APTMS 11 43.33 0.1324 15
AEAPMDMS 9 44.07 0.1685 20
AEAPTMS 9 43.63 0.1591 20

Materials (Cypress) | EHC® (MJ/kg) HRRe! (kW/m?) / at Time (s) THR® (MJ/m?) FBT' (s)

Uncoated 20.92 210.65 / 25 91.20 369
SS 16.63 172.57 / 295 71.25 436
APTMS 18.90 181.33 / 355 90.27 441
AEAPMDMS 17.40 202.76 / 20 85.12 445
AEAPTMS 17.12 185.32 / 355 83.72 441

*Time to ignition; Peak mass loss rate; °Effective heat of combustion; *Peak heat release rate; °Total heat release; Flame burning time
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Figure 3. FT-IR spectra of silicone sol compounds.
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Table 4. The Metal lon Contents of Silicone Sol Compounds

Metal Ion SS APTMS AEAPMDMS AEAPTMS
Na" Contents (%) 0.25 3.01 2.50 2.88
Si** Contents (%) 0.59 10.02 9.08 9.57
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Figure 7. Heat release rate curves of cypress specimens coated with silicone sol compounds during cone calorimeter test.
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Figure 8. Total heat release curves of cypress specimens coated with silicone sol compounds during cone calorimeter test.

Table 5. Fire Performance Index of Cypress Specimens Coated with Silicone Sol Compounds During Cone Calorimeter Test

Materials TTI (s) HRR e (KW/m?) FPI (s-m*/kW)
Uncoated 6 210.65 0.0285
SS 11 172.57 0.0637
APTMS 11 181.33 0.0607
AEAPMDMS 9 202.76 0.0444
AEAPTMS 9 185.32 0.0486
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Table 6. Fire growth index of Cypress Specimens Coated with Silicone Sol Compounds During Cone Calorimeter Test

Materials HRR ek (kW/m?) Time to HRRyax (5) FGI (kW/m*s)
Uncoated 210.65 25 8.426
SS 172.57 295 0.585
APTMS 181.33 355 0.511
AEAPMDMS 202.76 20 10.140
AEAPTMS 185.32 355 0.522
Table 7. Summary of Percent Variation Amounts in Cone Calorimeter Test
Materials TTI (+%) EHC (+%) HRR peqic (£%) THR (%) FPI (s-m*/kW) FGI (kW/m®:s)
Uncoated 6 (s) 20.92 MJ/kg) | 210.65 (kW/m?) 91.20 (MJ/m?) | 0.0285 (s:m%kW) 8.426 (KkW/m®:s)
SS +83 -20.5 -18 22 +124 93
APTMS +83 9.7 -14 -1 +113 94
AEAPMDMS +50 -16.8 +4 -7 +56 +20
AEAPTMS +50 -182 -12 -8 +71 -94

(b) APTMS

Figure 9. The residues after combustion of wood specimens.

(a) Cypress
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