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ABSTRACT

Experiments on the combustion characteristics of untreated wood specimens and also treated ones with boric acid and
ammonium pentaborate were carried out using a cone calorimeter according to ISO 5660-1 standard. As a result, comparing
to untreated specimen, the fire performance index (FPI) of the specimens treated with boron compounds increased by 1.2
to 2.1 times and the fire growth index (FGI) increased by 1.6 to 8.4%. Also, total smoke release rate (TSR) was 9.0 to
28.3% lower than that of the untreated specimen. It is understood that the test specimens treated with the boron compound
produces a carbonized layer with a flame retarding effect. The highest CO concentration, 0.01112%, for the untreated
specimen was observed at 418 s, but the specimens treated with boron compound decreased 13.2 to 37.5% compared to
untreated specimen. Therefore, wood treated with boron compounds is expected to have lower fire hazards and risks.
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Table 2. Fire Performance Index of Cypress Specimens Painted
with 15 wt% Boron Compounds Solutions During Cone
Calorimeter Test

. TTI HRR pesk FPI
Materials © (kW /mz) (s~m2 W)
Uncoated 6 210.6 0.0284

BAI15 213.8 0.0374
APBI15 8 228.3 0.0350
BA15/APB15 13 217.5 0.0597
FPIZ o A2 chewt g,
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Table 1. Specification of Cypress Specimens Painted with 15 wt% Boron Compounds Solutions

Samples (Cypress)

Initial Mass (g)

Uncoated Specimen
15 wt% Boric Acid (BA4), 1
15 wt% Ammonium Pentaborate (APB4), 2

15 wt% Boric acid : 15 wt% Ammonium Pentaborate (BA4/APB4), 3

38.83
39.61
39.05
40.15
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Table 3. Fire growth index of Cypress Specimens Painted with
15 wt% Boron Compounds Solutions During Cone
Calorimeter Test

Time to
H-RRpeak FGI
Samples (W /mz) HRRP(S) eak (kW - 5)

Uncoated 210.6 25 8.424

BA15 213.8 25 8.552

APBI15 228.3 25 9.132

BA15/APB15 217.5 25 8.700
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Figure 2. Mass loss rate curves of cypress specimens painted with
15 wt% boron compounds solutions during cone
calorimeter test.
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Figure 3. Mass residual curves of cypress specimens painted with
15 wt% boron compounds solutions during cone
calorimeter test.
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Table 4. Combustion Properties of Cypress Specimens Painted with 15 wt% Boron Compounds Solutions During Cone Calorimeter Test

Samples (Cypress) TTI (s) Mass Lost (g) HRR,mkh (kW/mz) at Time (s) MARHE" (kW/mz)
Uncoated 6 38.7 210.6 at 25 141.6
BAI5 8 372 213.8 at 25 133.4
APBI15 8 373 228.3 at 25 125.1
BA15/APBI5 13 379 217.5 at 25 129.3
Samples (Cypress) TSR (m*/m’) CO (%) at Time (s) FBT® (s)
Uncoated 453.5 0.01112 at 418 369
BA15 338.6 0.00965 at 500 370
APBI15 325.0 0.00932 at 530 374
BA15/APBI5 412.7 0.00763 at 418 362

. . o b . . .
“time to ignition; 'peak heat release rate; “maximum average rate of heat emission;
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Figure 4. Heat release rate curves of cypress specimens painted
with 15 wt% boron compounds solutions during cone
calorimeter test.

Aok o] FARRT ol e & 4 gtk
3.1.3 EtA MshE0l o7 M4 U 48

Q71 ANEA O R BhA Bl M WS 37 L AR
o AHES oulieh. A7l Th, 3A) GR L o) $ee
Egsto] AA S FA w4 SR g B4

WAool @7] Yo Qs WA d7ls @
Foll A= Wt 45 Hgsto] Aok RS o]FA 5
f3l W B4 BAS mystEE A 99 Aol A,
A TR sl B Hel @), B Ths ml Ak
ol weEwo] Abgich YA SYSHE olelat x4

3]

o AEE I A 7 E B LR 2o YygEel A
AE HhgElo 2 7 A5S dolsl= Ao] ZQ At
Figure 6] k0] 2 vte} o] AJ2|=|7] ok EA) o] 17|

HEERSR)Z A4 A7} oA S7kgteh 2]a oF 15's
oA A WA v w=A =gtk o 7|13k St HE
€ 7€ do2E3 Z3fd dvAER LN Yo

dtotal smoke release;

‘flame burning time

160

Uncoated
130 — —BA1S
— - — APB15
120 [
e R A " i . LLE L BA15/APB15
~ 100 F
S H
: =
=
zg o
< T ey
40 1 ——
20 A1
]

200 400 600 800 1000 1200 1400 1600 1800 2000

Time (s)

Figure 5. Average rate of heat emission curves of cypress
specimens painted with 15 wt% boron compounds
solutions during cone calorimeter test.
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Figure 6. Rate of smoke release curves of cypress specimens
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during cone calorimeter test.
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Figure 8. CO (%) of cypress specimens painted with 15 wt%
boron compounds solutions during cone calorimeter
test.
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during cone calorimeter test.
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