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ABSTRACT

The combustion characteristics of cypress wood coated with boric acid (BA) and ammonium pentaborate (APB) were
examined using a cone calorimeter according to the ISO 5660-1 standard. As a result, the combined specimens of boric acid
and ammonium pentaborate (BA/APB) led to an improved fire performance index due to their synergistic effect. In addition,
the total heat release values of the specimen coated with the boron compounds were 6.1~14.1% lower than that of the base
specimen. The total smoke release rate (TSR) of the specimens coated with the boron compound decreased throughout the
combustion process, except for BA/APB. The maximum concentration of carbon monoxide was reduced by 15.8~25.5%. In
general, wood treated with flame retardants has a lower fire hazard.
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Table 1. Specification of Cypress Specimens Painted with 4 wt% Boron Compounds Solutions

Samples (Cypress) Initial Mass (g)
Uncoated Specimen 38.83
4 wt% Boric Acid (BA4), 1 38.95
4 wt% Ammonium Pentaborate (APB4), 2 38.95
4 wt% Boric acid : 4 wt% Ammonium Pentaborate (BA4/APB4), 3 39.00

Table 2. Fire Performance Index of Cypress Specimens Painted with 4 wt% Boron Compounds Solutions During Cone Calorimeter Test

Materials TTI (s) HRR e (kW/m®) FPI (s'm’kW)

Uncoated 6 210.6 0.0237
BA4 8 207.7 0.0385
APB4 7 190.0 0.0368

BA4/APB4 9 211.7 0.0425
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2. Mass loss rate curves of cypress specimens painted
with 4 wt% boron compounds solutions during cone
calorimeter test.
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Figure 3. Mass residual curves of cypress specimens painted with
4 wt% boron compounds solutions during cone
calorimeter test.
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Figure 4. Heat release rate curves of cypress specimens painted
with 4 wt% boron compounds solutions during cone
calorimeter test.
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Table 3. Combustion Properties of Cypress Specimens Painted with 4 wt% Boron Compounds Solutions During Cone Calorimeter Test

Samples (Cypress) TTL (s) Mass Residue (g) HRR, o (kW/m?) THR® (MJ/m’)
Uncoated 6 0.023 210.6 91.2
BA4 8 0.894 207.7 85.6
APB4 7 0.026 190.0 81.1
BA4/APB4 9 0.070 211.7 78.3
Samples (Cypress) PHRR Time (s) TSR (m*/m’) CO (%) FBT® (s)
Uncoated 25 453.5 0.01112 at 418 s 369
BA4 25 426.5 0.00828 at 658 s 373
APB4 25 395.4 0.01118 at 862 s 397
BA4/APB4 25 557.1 0.00936 at 496 s 414

*time to ignition; bpeak heat release rate; ‘total heat release; dtotal smoke release;

S 4 ehe) =2, 4329 A2%, 20189

“flame burning time
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Figure 5. Total heat release curves of cypress specimens painted
with 4 wt% boron compounds solutions during cone
calorimeter test.
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Figure 6. Smoke production rate curves of cypress specimens
painted with 4 wt% boron compounds solutions during
cone calorimeter test.

kS u|H ) Figure 504 U Hle} Zho] =
(THR)- 350~370 s of 9hvhet 2712 wolrh dola 2

et A He] 2AYE g TAART 6.1~14.1% 7

AL 31 BA4/APB4 AHES 7PA Wo| ZFA AJFTH oA
o gsgoln A4 B 2ol 714 J1A ARARE Y
ZYANZA 4= Q7] gREo g Ttk
3.1.3 A AlsfEol o7 MM o 48

Figure 60 Boi% utel o] X2 =] ¢k BAjo] 7]
B SRR e 25} A e el of
15 s 3 A 1= e mgek of 71 5
WEHE A7)k oolREu HaE S AERe 204
Uet b, 237 9 Py B4 REEe pAE,

akS WA 5|37t W)kl 4o #do] ojs) o)
Zro] =gt GAaAA = 27 3 o] 23 SPRS A
HET 05~17.5% HAEHULh o] A& FAHS © waE
3T FEI A vjRol)

Figure 7] LR ulel o] B FAH| & A7|g2
g(TSR)—Q— 15 soll A 275 s Atolof] AP Ao Z 27}0} i
A ohZ S7HSHAl 9hotth BA4/APBARE AT AlFHE
ol o] At GAAE A2E A TSRS A=A ¢k
& R 6%~12.8% Wotth FAMO 52 TSRS B
ot BEHl A4 ujRo| Ak, BA4 W APBAS HEo| o

700

600 4

500 4

400 -

300 4

Uncoated
— —BA4

— . — APB4
BA4/APB4

200 4

Total smoke release (m%/m?)

100 A

0

1000 1200 1400 1600 1800 2000
Time (5)

o] 200 400 600 800

Figure 7. Total Smoke release curves of cypress specimens
painted with 4 wt% boron compounds solutions
during cone calorimeter test.

Uncoated
— —-BA4

— . — APB4
BA4/APB4

CO (%)

0

200 400 600 800 1000 1200 1400 1600 1800 2000

Time (5)

Figure 8. CO (%) of cypress specimens painted with 4 wt%
boron compounds solutions during cone calorimeter
test.
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